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A novel method of tumor immunotherapy is described comprising the genetic modification of ceUs resulting in the secre- 
tion of cytokine gene products to stimulate a patient's immune response to tumor antigens. In one embodiment, autologous fibro- 
blasts genetically modified to secrete at least one cytokine gene product are utilized to immunize the patient in a formulation with 
tumor antigens at a site other tiian an active tumor site. In anotiier embodiment, cells genetically modified to express at least one 
tumor antigen product and to secrete at least one cytokine gene product are utilized in a formulation to immunize the patient at a 
site other than an active tumor site. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages Of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


FR 


France 


MR 


Mauriiania 


AU 


Australm 


CA 


Gabon 


MW 


Malawi 


BB 


Barbados 


CB 


United Kingdom 


NL 


Netherlands 


BE 


Bclghiin 


CM 


Guinea 


NO 


Norway 


BF 


Burluim Fa»o 


GR 


Greece 


NZ 


New Zealand 


BC 


Bulgana 


HU 


Hungary 


PL 


Poland 


BJ 


Bcnm 


IE 


Ireland 


PT 


Portugal 


BR 


Brazil 


IT 


Italy 


RO 


Romania 


CA 


Canada 


JP 


Japan 


RU 


Russian Fcderaiioo 


CF 


CcotraF Afrtcaa Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CC 


Congo 




of Korea 


SB 


Sweden 


CH 


Switairland 


KR 


Republic of Korea 


SK 


Slovak Republic 


a 


Cote d*ivotn: 


LI 


IJcchlenstein 


SN 


Senegal 


CM 


Cameroon 


LK 


Sri Lanka 


SU 


Soviet Union 


CS 


CVechoslovafca 


LU 


lujxeffibourg 


TD 


Chad 


C2 


Coxh Republic 


MC 


Monaco 


TC 


Togo 


DE 


Germany 


MC 


Madagascar 


UA 


Ukraine 


OK 


DcnmarL 


ML 


Mali 


US 


United Stale!£ or America 


ES 


Spain 


MH 


Mongolia 


VN 


Viet Nam 


Fl 


Finland 











wo 93/07906 



PCr/US92/08999 



Lymphokine Gene Therapy of Cancer 
BACKGROUND 

This application is a continuation-in-part of 
United States Patent Application Serial No. 07/781,356^ 
5 filed on October 25, 1991, which is a continuation-in-part 
of United States Patent Application Serial No. 07/720,872, 
filed on June 25, 1991, both of which are incorporated 
herein in their entirety. 

Recent advances in our understanding of the 
10 biology of the immune system have lead to the 
identification of important modulators of immune responses, 
called cytokines (1-3). Immune system modulators produced 
by lyn^hocytes are termed lymphokines, a subset of the 
cytokines. These agents mediate many of the immune 
15 responses involved in anti-tumor immunity. Several of 
these cytokines have been produced by recombinant DNA 
methodology and evaluated for their anti-tumor effects. 
The administration of lymphokines and related 
immunomodulators has resulted in objective tumor responses 
20 in patients with various types of neoplasms (4-7). 
However, current modes of cytokine administration are 
frequently associated with toxicities that limit the 
therapeutic value of these agents. 

For example, inter leukin-2 (IL-2) is an important 
25 lymphokine in the generation of anti-tumor immunity (4). 
In response to tumor antigens, a subset of lymphocytes 
termed helper T-cells secrete small quantities of IL-2. 
This IL-2 acts locally at the site of tumor antigen 
stimulation to activate cytotoxic T-cells and natural 
30 killer cells which mediate systemic tumor cell destruction. 
Intravenous, intralymphatic and intralesional 
administration of IL-2 has resulted in clinically 
significant responses in some cancer patients (4-6) # 
However, severe toxicities (hypotension and adema) limit 
35 the dose and f f icacy of intravenous and intralymphatic IL- 



r>ll3vSTlTUTE SHEET 



PCr/US92/08999 

WO 93/07906 



2 administration (5-7). The toxicity of systemically 
administered lymphokines is not surprising as these agents 
mediate local cellular interactions and they are normally 
secreted in only very small quantities. 

Additionally, other cytokines, such as 
interleukin-4 (IL-4), alpha interferon (a-INF) and gamma 
interferon (y-INF) have been used to stimulate immune 
responses to tumor cells. Like IL-2, the current modes of 
administration have adverse side effects. 



10 



To circumvent the toxicity of systemic cytokine 
administration, several investigators have examined 
intralesional injection of IL-2. This approach eliminates 
the toxicity associated with systemic IL-2 administration 
(8,9,10) « However, multiple intralesional injections are 
15 required to optimize therapeutic efficacy (9,10). Hence, 
these injections are impractical for many patients, 
particularly when tumor sites are not accessible for 
injection without potential morbidity. 



20 



25 



An alternative approach, involving cytokine gene 
transfer into tumor cells, has resulted in significant 
anti-tumor immune responses in several animal tumor models 
(11-14). In these studies, the expression of cytokine gene 
products following cytokine gene transfer into tumor cells 
has abrogated the tumorigenicity of the cytokine- secreting 
tumor cells when implanted into syngeneic hosts. The 
transfer of genes for IL-2 (11,12) y-INF (13) or 
interleukin-4 (IL-4) (14) significantly reduced or 
eliminated the growth of several different histological 
types of murine tumors. In the studies anploying IL-2 gene 
30 transfer, the treated animals also developed systemic anti- 
tumor immunity and were protected against subsequent tumor 
challenges with the unmodified parental tumor (11,12). 
Similar inhibition of tumor growth and protective immunity 
was also demonstrated when immunizations were performed 
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J 

with a mixture of unmodified parental tumor cells and 
genetically modified tumor cells engineered to express the 
IL-2 gene. No toxicity associates with localized 
lymphokine transgene expression was reported in these 
5 animal tumor studies (11-14). 

While the above gene-transfer procedure has been 
shown to provide anti-tumor immunity, it still retains 
practical difficulties. This approach is limited by the 
inability to transfer functional cytokine genes into many 
IG patients' tumor cells, as most patients' tumors cannot be 
established to grown in vitro and methods for human in vivo 
gene transfer are not available. 

SUMMARY OF THE INVENTION 

The present invention demonstrates a novel, more 
15 practical method of cytokine cancer immunotherapy. In one 
approach, selected cells from a patient, such as 
fibroblasts, obtained, for excunple, from a routine skin 
biopsy, are genetically modified to express one or more 
cytokines. Alternatively, patient cells which may normally 
20 serve as antigen presenting cells in the immune system such 
as macrophages, monocytes, and lymphocytes may also be 
genetically modified to express one or more cytokines. 
These modified cells are hereafter called cytokine- 
expressing cells, ore C£ cells. The CE cells are then 
25 mixed with the patient's tumor antigens, for example in the 
form of irradiated tumor cells, or alternatively in the 
form of purified natural or recombinant tumor antigen, and 
employed in immunizations, for exaii^le subcutaneous ly, to 
induce systemic anti-tumor immunity. 

30 The cytokines are locally expressed at levels 

sufficient to induce or augment systemic anti-tumor immune 
responses via local immunization at sites other than active 
tumor sites. Systemic toxicity related to cytokine 
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administration should not occur because the levels of 
cytokine seer ted by the CE c lis should not significantly 
affect systemic cytokine concentrations. 

As the amount of cytokine secreted by the CE 
5 cells is sufficient to induce anti-tumor immunity but is 
too low to produce substantial systemic toxicity, this 
approach provides the benefit of local cytokine 
administration. In addition, this novel method obviates 
the need for intralesional injections, which may produce 

10 morbidity. Furthermore, the continuous local expression of 
cytokine(s) at the sites of immunization may also augment 
anti-tumor immune responses compared to intermittent 
cytokine injections. This method also provides the 
advantage of local immunization with the CE cells, as 

15 opposed to cumbersome intravenous infusions. This method 
also eliminates the need for establishing tumor cell lines 
in vitro as well as transfer of genes into these tumor 
cells. 

This invention also provides an alternative means 

20 of localized expression of cytokines to induce and/or 
increase immune responses to a patient's tumor through 
genetic modification of cellular expression of both 
cytokine{s) and tumor antigen(s). In this embodiment, 
selected cells from a patient are isolated and transduced 

25 with cytokine gene(s) as well as gene(s) coding for tumor 
antigen{s). The transduced cells are called "carrier 
cells." Carrier cells can include fibroblasts and cells 
which may normally serve as antigen presenting cells in the 
immune system such as macrophages, monocytes, and 

30 lymphocytes. Transduced carrier cells actively expressing 
both the cytokine(s) and the tumor antigen(s) are selected 
and utilized in local immunizations at a site other than 
active tumor sites to induce anti-tumor immune responses. 
As with the CB cells, these carrier cells should not 

35 produce substantial systemic toxicities, as the levels of 
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cytokine (s) secreted by the carrier cells should not 
significantly affect systemic cytokine concentrations. 
This alternate embodiment is advantageous because it 
obviates the need to obtain Scimples of the tumor, which is 
5 sometimes difficult. However, carrier cells can be 
utilized in local immunizations in conjunction with tumor 
cells, tumor cell homogenates, purified tumor antigens, or 
recombinant tumor antigens to enhance anti-tumor immunity. 

Additionally, this second embodiment retains the 
10 same advantages as the first embodiment in that the level 
of cytokine released by the carrier cells is sufficient to 
induce anti-tumor immunity but is too low to produce 
substantial systemic toxicity. In addition, as with the 
first embodiment, this method obviates the need for 
15 intralesional injections, and allows for continuous 
expression of cytokine (s). This method also eliminates the 
need for establishing continuous cultures in vitro of tumor 
cells as well as transfer of genes into these tumor cells, 
and provides the advantage of local immunization with the 
20 carrier cells, as opposed to cumbersome lengthy intravenous 
infusions. 

These approaches may also find application in 
inducing or augmenting immune responses to other antigens 
of clinical significance in other areas of medical 
25 practice. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows schematic diagrams of retroviral 
vectors DC/TKIL2, LXSN-IL2, and LNCX-IL2. 

Figure 2 shows a mean IL-2 concentration of 
30 triplicate supernatant samples measured by ELISA. 
Supematants were harv sted from overnight cultures of 
approximately 1.5 x 10* semi-confluent fibroblasts. 
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Figure 3 shows biological activity of the IL-2 
secreted by the transduced fibroblasts was demonstrated by 
measuring mean ^H-TdR incorporation of an IL-2 dependent T- 
cell line incubated with triplicate samples of 
5 supematants. Supernatants were harvested from overnight 
cultures of approximately 1.5 x 10« semi-confluent 
fibroblasts. 

Figure 4 shows comparisons between animals 
injected with 10=^ CT26 tumor cells alone (□)? 10= CT26 tumor 

10 cells and 2 x 10" unmodified BALB/C fibroblasts (■); 10' 
CT26 tumor cells and 2 x 10'' IL-2 transduced BALB/C 
fibroblasts (•)? and 10' CT26 tumor cells and 1 x 10« 
transduced BALB/C fibroblasts (o) . Tumor measurements are 
the mean products of the cross-sectional diameter of the 

15 tumors from four animals in each treatment group. The (*) 
indicates statistically significant difference (P < 0.05) 
in tumor growth curves. 

Figure 5 shows PCR analysis of neomycin phospho- 
transferase DNA sequences. Lane 1 - positive control 
20 PLXSN-RI-IL2. Lanes 2 through 4 tests genomic DNA; Lanes 
5 and 6 ovary genomic DNA; Lane 7 negative control, no DNA. 
Identical results were obtained with liver, spleen and lung 
genomic DNA (data not shown) . 

Figure 6 shows the effect of IL-2 modified 
25 fibroblasts on tumor establishment and development using 2 
X 10* fibroblasts mixed with 5 x 10* CT26 tumor cells 
concentrating on the rate of tumor growth. 



Figure 7 shows the effect of IL-2 modified 
fibroblasts on tumor establishment and development using 2 
30 X 10" fibroblasts mixed with 5 x 10* CT26 tumor cells 
concentrating on the time of tumor onset for the individual 
animal in each treatment group. 
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Figure 8 shows the effect of IL-2 modified 
fibroblasts on tumor establishment and development using 2 
X 10^ fibroblasts mixed with 1 x 10^ CT26 tumor cells 
concentrating on the rate of tumor growth. 

5 Figure 9 shows the effect of IL-2 modified 

fibroblasts on tumor establishment and development using 2 
X 10^ fibroblasts mixed with 1 x 10^ CT26 tumor cells 
concentrating on the time of tumor onset for the individual 
animal in each treatment group. 

10 Figure 10 shows the effect of IL-2 modified cells 

on tiomor estciblishment and development using 2 x 10^ DCTK- 
IL2"modified CT25 tumor cells mixed with 1 x 10^ unmodified 
CT26 compared to 2 x 10* DCTK-IL2 -modified fibroblasts mixed 
with 1 X 10^ CT26 concentrating on the rate of tumor growth. 

15 Figure 11 shows the effect of IL^2 modified cells 

on tumor establishment and development using 2 x 10^ DCTK- 
IL2 -modified CT26 tumor cells mixed with 1 x 10^ unmodified 
CT26 compared to 2 x 10« DCTK-IL2-modif ied fibroblasts mixed 
with 1 X 10^ CT26 concentrating on the time of tumor onset 

20 for the individual animal in each treatment group. 

Figure 12 shows the effect of IL-2 modified 
fibroblasts on induction of systemic anti-trunor immunity 
and the rate of tumor growth. Mice were immunized with 2 
X 10* fibroblasts mixed with 2.5 x 10^ irradiated CT26 tumor 
25 cells 7 days prior to challenge with 5 x 10* fresh tumor 
cells. 

Figure 13 shows the effect of IL-2 modified 
fibroblasts on induction of systemic anti-tumor immunity 
and the time of tumor onset for the individual animal in 
30 each treatment group. Mice were immunized with 2 x 10* 
fibroblasts mixed with 2.5 x 10^ irradiated CT26 tumor cells 
7 days prior to challenge with 5 x 10* fresh tumor cells. 
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Figure 14 shows the effect of IL-2 modified 
fibroblasts on induction of systemic anti-tumor iimnunity 
and the rate of tumor growth. Mice were immunized with 2 
X 10* fibroblasts mixed with 2.5 x 10= irradiated CT26 tumor 
cells 14 days prior to challenge with 5 x 10* fresh tumor 
cells . 

Figure 15 shows the effect of IL-2 modified 
fibroblasts on induction of systemic anti-tumor immunity 
and the time of tumor onset for the individual animal in 
each treatment group. Mice were immunized with 2 x 10« 
fibroblasts mixed with 2.5 x 10' irradiated CT26 tumor cells 
14 days prior to challenge with 5 x 10* fresh tumor cells. 

nTCTATT.K n DESCRIPTION 

A novel method of tumor immunotherapy is 
15 described comprising the genetic modification of cells 
resulting in the secretion of cytokine gene products to 
stimulate a patient's immune response to tumor antigens. 
"Gene" is defined herein to be a nucleotide sequence 
encoding the desired protein. In one embodiment, 
20 autologous fibroblasts genetically modified to secrete at 
least one cytokine gene product are utilized to immunize 
the patient in a formulation with tumor antigens at a site 
other than an active tumor site. In another embodiment, 
cells genetically modified to express at least oxie tumor 
25 antigen gene product and to secrete at least one cytokine 
gene product are utilized in formulation to immunize the 
patient at a site other than an active tumor site. 
Cytokines are preferably expressed in cells which 
efficiently secrete these proteins into the surrounding 
milieu. fibroblasts are an example of such cells. 
Fibroblasts or other cells ceux be genetically modified to 
express and secrete one or more cytokines, as described 
later in this specification. 
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Txomor antigens can be provided by several 
methods, including, but not limited to the following: 1) CE 
cells can be transduced with gene(s) coding for tumor 
antigens. These "carrier cells" are then utilized in 
5 patient immunizations. 2) Cloned gene sequences coding for 
appropriate tumor antigens can be transferred into cells 
such as fibroblasts or antigen-presenting cells. These 
cells are then mixed with CE or carrier cells to immunize 
the patient. 3) Tumor antigens can be cloned in bacteria 

10 or other types of cells by recombinant procudures. These 
antigens are then purified and employed an immunization 
with CE and/or carrier cells. 4) Tumor antigens can be 
purified from tumor cells and used, along with CE or 
carrier cells, to immunize the patient. 5) Tumor cells may 

15 be irradiated or mechanically disrupted and mixed with CE 
and/or carrier cells for patient immunizations. 

This invention encompasses the following steps : 
(A) isolation of appropriate cells for generation of CE 
cells or carrier cells; (B) isolation of cytokine genes or 

20 isolation of cytokine genes and tumor antigen genes, as 
well as appropriate marker and/or suicide genes; (C) 
transfer of the genes from (B) to produce the CE cells or 
carrier cells; (D) preparation of immunological sanqples of 
the patient's tumor antigens or other suitable tumor 

25 antigens for immunization with CE or carrier cells; (E) 
inactivation of the malignant potential of tumor cells if 
they are used as a source of tumor antigens for 
immunization; and (F) preparation of samples for 
immunization. Following are several embodiments 

30 contemplated by the inventors. However, it is understood 
that any means known by those in the art to accomplish 
these steps will be usable in this invention. 
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(A) Isolation of Cell s to Generate CB — and 
Carrier Cells 

Cells to be utilized as CE cells and carrier 
cells can be selected from a variety of locations in the 
5 patient's body. For example/ skin punch biopsies provide 
a readily available source of fibroblasts for use in 
generating CE cells ^ with a minimal amount of intrusion to 
the patient. alternatively , these fibroblasts can be 
obtained from the tumor sample itself. Cells of 

10 hematopoietic origin may be obtained by venipuncture, bone 
marrow aspiration, lymph node biopsies, or from tumor 
samples. Other appropriate cells for the generation of CE 
or carrier cells can be isolated by means known in the art. 
Non-autologous cells similarly selected and processed can 

15 also be used. 

(B) Isolation of Geftes 

Numerous cytokine genes have been cloned and are 
available for use in this protocol. The genes for IL-2, 
y-INP and other cytokines are readily available (1-5, 11- 
20 14). Cloned genes of the appropriate tumor antigens are 
isolated according to means known in the art. 

Selectable marker genes such as neomycin 
resistance (Neo'^) are readily available. Inccwtporation of 
a selectable marker gene(s) allows for the selection of 
25 cells that have successfully received and express the 
desired genes. Other selectable markers known to those in 
the art of gene transfer may also be utilized to generate 
CE cells or carrier cells expressing the desired 
transgenes. 

30 "Suicide" genes can be incorporated into the CE 

cells or carrier cells to allow for selective inducible 
killing after stimulation of the immune response. A gene 



SUBSTITUTE SKEti 



WO93/07906 



PCT/US92/08999 



11 

such as the herpes simplex virus thymidine kinase gene (TK) 
can be us d to create an inducible destruction of the CE 
cells or carrier cells. When the CE cells or carrier cells 
are no longer useful^ a drug such as acyclovir or 
5 gancyclovir can be administered. Either of these drugs 
will selectively kill cells expressing TK, thus eliminating 
the implanted transduced cells. Additionally, a suicide 
gene may be a gene coding for a non-secreted cytotoxic 
polypeptide attached to an inducible promoter. When 

10 destruction of the CE or carrier cells is desired, the 
appropriate inducer of the promoter is administered so that 
the suicide gene is induced to produce cytotoxic 
polypeptide which subsequently kills the CE or carrier 
cell. However, destruction of the CE or carrier cells may 

15 not be required. 

Genes coding for tumor antigen(s) of interest can 
be cloned by recombinant methods. The coding sequence of 
an antigen expressed by multiple tumors may be utilized for 
many individual patients. 

20 (C) Transfer of Genes 

Numerous methods are available for transferring 
genes into cultured cells (15). For example, the 
appropriate genes can be inserted into vectors such as 
plasmids or retroviruses and transferred into the cells. 
25 Electr operation, lipofection and a variety of other methods 
are known in the field and can be implemented. 

One method for gene transfer is a method similar 
to that employed in previous human gene transfer studies, 
where tumor infiltrating lymphocytes (TILs) were modified 
30 by retroviral gene transduction and administered to cancer 
patients (16). In this Phase I safety study of retroviral 
mediated gene transfer, TILs were genetically modified to 
express the Neomycin resistance (Neo*^) gene. Following 
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intravenous infusion, polymerase chain reaction analyses 
consistently found genetically modified cells in the 
circulation for as long as two months after administration. 
No infectious retroviruses were identified in these 
5 patients and no side effects due to gene transfer were 
noted in any patients (16). These retroviral vectors have 
been altered to prevent viral replication by the deletion 
of viral gag, pol and env genes. 

When retroviruses are used for gene transfer, 

10 replication competent retroviruses may theoretically 
develop by recombination between the retroviral vector and 
viral gene sequences in the packaging cell line utilized to 
produce the retroviral vector. We will use packaging cell 
lines in which the production of replication competent 

15 virus by recombination has been reduced or eliminated. 
Hence, all retroviral vector supernatant s used to infect 
patient cells will be screened for replication competent 
virus by standard assays such as PGR and reverse 
transcriptase assays (16). Furthermore, exposure to 

20 replication con^etent virus may not be harmful. In studies 
of subhuman primates injected with a large inoculum of 
replication competent murine retrovirus, the retrovirus was 
cleared by the primate immune system (17). No clinical 
illnesses or sequelae resulting from replication competent 

25 virus have been observed three years after e3q)osure. In 
summary, it is not expected that patients will be exposed 
to replication competent murine retrovirus and it appears 
that such exposure may not be deleterious ( 17 ) . 

(D) Preparation of Immunolog ical Samples of the 

30 Patient '"s Tumor Antige ns or Purified 

Recombinant Tu TnoT Antigens 

Tumor cells bearing tumor associated antigens are 
isolated from the patient. These cells can derive either 
from solid tumors or from leukemic tumors. For solid 
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tumors, single-cell suspensions can be made by mechanical 
separation and washing of biopsy tissue (18). 

Hematopoietic tumors may be isolated from 
peripheral blood or bone marrow by standard methods (19). 

5 A second variant is the use of homogenates of 

tumor cells. Such homogenates would contain tumor antigens 
available for recognition by the patient's immune system 
upon stimulation by this invention. Either unfractipnated 
cell homogenates, made, for example, by mechanical 
10 disruption or by freezing and thawing the cells, or 
fractions of homogenates preferably with concentrated 
levels of tumor antigens, can be used. 

Likewise, purified tumor antigens, obtained for 
example by immunoprecipitation or recombinant DNA methods, 
15 could be used* Purified antigens would then be utilized 
for immunizations together with the CE cells and/or carrier 
cells described above to induce or enhance the patient's 
immune response to these antigens. 

In the embodiments employing carrier cells, tumor 
20 antigens are available through their expression by the 
carrier cells. These carrier cells can be injected alone 
or in conjunction with other tumor antigen preparations or 
CE cells. Likewise, when CE cells are used, purified 
recombinant tumor antigen, produced by methods known in the 
25 art, can be used. 

If autologous tumor cells are not readily 

available, heterologous tumor cells, their homogenates, 

their purified antigens, or carrier cells expressing such 
antigens could be used. 
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(E) Inactivation of i*i™r>r Cells 

When viable tumor cells are utilized in 
immunizations as a source of tumor antigens, the tumor 
cells can be inactivated so that they do not grow in the 
5 patient. Inactivation can be accomplished by several 
methods, the cells can be irradiated prior to immunization 
(18). This irradiation will be at a level which will 
prevent their replication. Such viable calls can then 
present their tumor antigens to the patient's immune 
10 system, but cannot multiply to create new tumors. 

Alternatively, tumor cells that can be cultured 
may be transduced with a suicide gene. As described above, 
a gene such as the herpes simplex thymidine kinase (TK) 
gene can be transferred into tumor cells to induce their 

15 destruction by administration of acyclovir or gancyclovir. 
After immunization , the TK expressing tumor cells can 
present their tumor antigens, and are capable of 
proliferation. After a period of time during which the 
patients 's immune response is stimulated, the cells can be 

20 selectively killed. This approach might allow longer 
viability of the tumor cells utilized for immunizations, 
whiclTmay be advantageous in the induction or augmentation 
of anti-tumor immunity. 

(F) Preparation of ^^ampl pa for Immunization 

25 CE cells and/or carrier cells and tumor cells, 

and/or homogenates of tumor cells and/or purified tumor 
antigen(s), are combined for patient immunization. 
Approximately 10"^ tumor cells will be required. If 
homogenates of tumor cells or purified or non-purified 

30 fractions of tumor antigens are used, the tumor dose can be 
adjusted based on the normal number of tumor antigens 
usually present on lO"' intact tumor cells. The tumor 
preparation should be mixed with numbers of CE or carrier 
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c lis sufficient to secrete cytokine levels that induce 
anti-tumor immunity (11-12) without producing substantial 
systemic toxicity which would interfere with therapy. 

The cytokines should be produced by the CE cells 
5 or the carrier cells at levels sufficient to induce or 
augment immune response but low enough to avoid substantial 
systemic toxicity. This prevents side effects created by 
previous methods' administration of greater than 
physiological levels of the cytokines. 

10 These mixtures^ as well as carrier cells that are 

utilized alone, will be formulated for injection in any 
manner known in the art acceptable for immunization. 
Because it is important that at least the CE cells and 
carrier cells remain viable, the formulations must be 

15 compatible with cell survival. Formulations can be 
injected subcutaneous^ly, intramuscularly, or in any manner 
acceptable for immunization. 

Contaminants in the preparation which may focus 
the immune response on undesired antigens should be removed 
20 prior to the immunizations. 

The following examples are provided for 

illustration of several embodiments of the invention and 

should not be interpreted as limiting the scope of the 
invention. 
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EXAMPLE I 



IMMOHIZaTTQH VIT'TE PTBROBLAST S EXPRESSING IL-2 
MTXED WITH IRRADIATED TUM OR CELLS 

1) Isolation of Autologous F ibroblasts 
5 for Use ip Generatin g TL-2 SerT-^t-ina CE Cells 

Skin punch biopsies will be obtained from each 
patient under sterile conditions. The biopsy tissue will 
be minced and placed in RPMI 1640 media containing 10% 
fetal calf serum (or similar media) to establish growth of 
10 the skin fibroblasts in culture. The cultured fibroblasts 
will be utiUzed to generate IL-2 secreting CE cells by 
retroviral mediated IL-2 gene transfer. 

2\ Retroviral Vector Pre paration and 
Generation of Sec i-«^tlng CE Cells 

15 The cultured skin fibroblasts will then be 

infected with a retroviral vector containing the IL-2 and 
Neomycin resistance (Neo"^) genes. 2to M2 vector containing 
the Keo*^ gene will be used, and has been previously utilized 
by a number of investigators for in vitro and in vivo work, 

20 including investigations with huiaan subjects (16) . The IL- 
2 vector will be generated from an N2-derived vector, 
LLRNL, developed and described by Friedmann and his 
colleagues (20). It will be made by replacement of the 
luciferase gene of LLRNL with a full-length cDNA encoding 

25 human IL-2. Retroviral vector free of contaminating 
replication-competent virus is produced by transf ection of 
vector plasmid constructions into the helper-free packaging 
cell line PA317. Before infection of patients' cells, the 
vector will have been shown to be free of helper virus. In 

30 the event that helper virus is detected, the vector will be 
produc d in the GP + envAM12 packaging cell line in which 
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the viral gag and pol genes are separated from the env, 
further reducing the likelihood of helper virus production. 

3) Transduction Protocol 

The cultured primary fibroblasts will be 
5 incubated with supernatant from the packaging cell line as 
described (20). Supernatant from these cells will be 
tested for adventitious agents and replication competent 
virus as described (16) and outlined in Table 1. The 
fibroblasts are washed and then grown in culture media 

10 containing G418, (a neon^cin analogue) to select for 
transduced cells expressing the Neo^ gene* The G418- 
resistant cells will be tested for expression of the IL-2 
gene by measuring the concentration of IL-2 in the culture 
supernatant by an enzyme linked iiranunosorbent assay (ELISA) 

15 (12). G418-resilient cells expressing IL-2 will be stored 
at -70**C until required .for subsequent use in 
immunizations . 

Table 1 

Adventitious Agents and Safety Testing 

1 . Sterility 

2 . Mycoplasma 

3. General Safety 
4* Viral Testing 

LCM Virus 
Thymic agent 
S4-/L- eco 
S+/L-xeno 
S+/L- ampho 
3T3 amplification 
MRC-5/Vero 
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4^ Preparation of Irradiated Tumor Cells 

Tumors obtained form clinically indicated 
surgical resections or from superficial lymph node or skin 
metastases will be minced into 2-3 mm pieces and treated 
5 with collagenase and DNAse to facilitate separation of the 
tumor into a single cell suspension. The collected cells 
will be centrifuged and washed in RPMI 1640 media and then 
cryopreserved in a solution containing 10% dimethyl 
Bulphoxide and 50% fetal calf serum in RPMI 1640 media. 

10 The cells will be stored in liquid nitrogen until the time 
of administration. Prior to their use in subcutaneous 
immunizations, the cells will be thawed, washed in media 
free of immunogenic contaminants, and irradiated with 4,000 
rads per minute £or a total of 20,000 rads in a cesium 

15 irradiator. 



Sy Patient Selection 

Patients will have a histologically confirmed 
diagnosis of cancer. Patients with tumors that must be 
resected for therapeutic purposes or with tumors readily 
20 accessible for biopsy are most appropriate for this 
embodiment of the invention. 

6) Pretreatment Evaluation 
The following pretreatment evaluations will be 

performed: 

25 1) History eind physiced, examination including 

a description and quantification of disease activity. 
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2) Performance Status Assessment 

0 = Nosnoal, no symptoms 

1 = Restricted, but ambulatoary 

2 = Up greater than 50% of waking 
5 hours, capable of self -care 

3 = Greater than 50% of waking hours 

confined to bed or chair, limited 
self-care 

4 = Bedridden 



10 3) Pretreatment Lc±»oratory: 

CBC with differential, platelet count, PT, PTT/ 
glucose, BUN, creatinine, electrolytes, SGOT, SGPT, LDH, 
alkaline phosphatase, bilirubin, uric acid, calcium, total 
protein albumin. 

15 4) Other Analyses: 

Urinalysis 

CH50, C3 and C4 serum complement levels 
Immunophenotyping of peripheral blood B cell and 
T cell subsets 

20 Assays for detectable replication-competent 

virus in peripheral blood cells 

PGR assays of peripheral blood leukocytes 
for Neo*^, IL-2 and viral env 

5) Other Pretreatment Evaluation: 
25 Chest X-ray cind other diagnostic studies 

including computerized tomography (CT) , magnetic resonance 
imaging (MRI) or radionuclide scans may be performed to 
document and queoitify the extent of disease activity. 

Follow-up evaluations of these assessments at 
30 regular intervals during the course of therapy 
(approximately every 1 to 3 months) will be useful in 
determining response to therapy and potential toxicity. 
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permitting adjustments in the number of immunizations 
administered . 

7^ Restrictions on Con current Therapy 

For optimal effects of this treatment, patients 
5 should receive no concurrent therapy which is knovm to 
suppress the immune system* 

8\ Final Formulation 

Each patient will receive subcutaneous 
immunizations with a mixture if irradiated tumor cells and 

10 autologous fibroblast CE cells genetically modified to 
secrete IL-2. Approximately 10' tumor cells will be mixed 
with 10' fibroblasts known to secrete at least 20 units/ml 
of XL-2 in tissue culture when semi-confluent (12). The 
irradiated tumor cells and genetically modified fibroblasts 

15 will be placed in a final volume of 0.2 ml normal saline 
for immunization. 



9^ Dose Adjustments 

At least two subcutaneous immunizations will be 
administered, two weeks apart, with irradiated tumor cells 
20 and autologous fibroblasts genetically modified to secrete 
IL-2. If no toxicity is observed, subsequent booster 
immunizations may be administered periodically (at least 
one week apart) to optimize the anti-tumor immune response. 

JV Treatment of Potential Toxicitv 

25 Toxic side effects cire not expected to result 

from these immunizations. However, potential side effects 
of these iaimunizations are treatable in the following 
manner; 
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If massive tumor cell lysis results, any 
resulting uric acid nephropathy, adult respiratory distress 
syndrome, disseminated intravascular coagulation or 
hyperkalemia will be treated using standard methods. 

5 Local toxicity at the sites of immunization will 

be treated with either topical steroids and/or surgical 
excision of the injection site as deemed appropriate. 

Hypersensitivity reactions such as chills, fever 
and/or rash will be treated symptomatically with 

ID antipyretics and antihistamines. Patients should not be 
treated prophylactically. Should arthralgias, 

lymphadenopathy or renal dysfunction occur, treatment with 
corticosteroids and/ or antihistamines will be instituted. 
Anaphylaxis will be treated by standard means such as 

15 administration of epinephrine, fluids, and steroids. 

.» 

EXAMPLE II 

A. Retroviral IL-2 Gene Transfer and Expression in 

Fibroblasts 

Retroviral vectors were employed to transfer and 
20 express IL-2 and neomycin phosphotransferase genes in 
murine and primary human fibroblasts. The retroviral 
vector DC/TKIL2 produced by Gilboa and co-workers 
(Gansbacher, et al., J. Exp. Med. 172:1217-1223, 1990, 
which is incorporated herein by reference) was utilized to 
25 transduce murine fibroblasts for application in an animal 
tumor model (see Section B below). Human fibroblasts were 
transduced with the retroviral vector LXSN-RI-IL2. 
Schematic diagrams of the structure of these retroviral 
vectors are provided in Figure 1. A more complete 
30 description of the LXSN-RI-IL2 vector, including its 
nucleotide sequence, is provided in Example III and in 
Tables 2, 3 and 4. 
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Following infection with the described vectors 
and selection for 2-3 weeks in growth media containing the 
neomycin analogue G418, Balb/c and human embryonic 
fibroblast culture supernatants were harvested and tested 
5 for IL-2 by an enzyme-linked immunosorbent assay (ELISA) . 
Figure 2 depicts the levels of IL-2 secreted by the 
transduced fibroblasts. 

These results can be confirmed using negative 
control fibroblasts infected with an N2-derived retroviral 
10 vector expressing an irrelevant gene such as luciferase or 
B-galactosidase and studies with adult human fibroblasts. 

Biological activity of the IL-2 expressed by the 
transduced human fibroblasts was confirmed by a cell 
proliferation bioassay employing em IL-2 dependent T cell 
15 line. In this assay |. supernatant from the transduced 
fibroblasts and control unmodified fibroblasts were 
incubated with the IL-2 dependent T cell line CTLL-2. 
Incorporation of ^H-thymidine was measured as an indicator 
of cell proliferation and IL-2 activity (Figure 3). 

20 B. Efficacy of Transduced Fibrobla sts in an Animal 

Tumor Model 

The efficacy of fibroblasts genetically modified 
to secrete IL-2 was tested in an animal model, of colorectal 
carcinoma. In these studies, the Balb/c CT26 tumor cell 

25 line was injected subcutaneously with Balb/c fibroblasts 
transduced to express IL-2. Control groups included 
animals injected with 1) a mixture of CT26 tumor cells and 
unmodified fibroblasts? 2) CT26 tumor cells without 
fibroblasts and 3) transduced fibroblasts alone. No tumors 

30 were detected in 3/8 animals treated with treuisduced 
fibroblasts and CT26 cells. In contrast ^ all untreated 
control animals (S/8) injected with CT26 tumor cells 
developed palpable tumors. No tumors were detected in the 
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animals inoculated with transduced fibroblasts without CT26 
tumor cells. The mean CT26 tumor size in Balb/c mice 
injected with the IL-2 secreting fibroblasts was 
considerably smaller compared to the control groups (Figure 
5 4 ) . A multivariate non-parametric statistical procedure 
(Koziol, et al.. Biometries 37:383-390/ 1981 and Koziol, et 
al.. Computer Prog. Biomed. 19:69-74, 1984/ which is 
incorporated herein by reference) was utilized to evaluate 
differences in tumor growth among the treatment groups. 

10 The tximor growth curves for the four treatment groups 
presented in Figure 4 were significantly different 
(p=0.04B)* Subsequent con^arisons between treatment groups 
revealed a significant difference (p < 0.05) in tumor 
growth between animals injected with CT26 tumor cells alone 

15 and animals treated with 2 x 10^ transduced fibroblasts and 
CT26 tumor cells (Figure 4). 

EXAMPLE III 

A. Project Overview 

Lymphokine gene therapy of cancer will be 
20 evaluated in cancer patients who have failed conventional 
therapy. An N2-derived vector containing the neomycin 
phosphotransferase gene will be used. This vector has been 
eiiqployed by a number of investigators for in vitro and in 
vivo studies including recently approved investigations 
25 with human subjects (Rosenberg et al./ N. Eng. J. Med./ 
323:570-578/ 1990). The lymphokine vectors used in this 
investigation will be generated from the N2-derived vector, 
LXSN/ developed and described by Miller et al./ Mol. Cell 
Biol. 6:2895, 1986 and Miller et al./ BioTechniques 7:980/ 
30 1989/ which are incorporated herein by reference. The 
vector LXSN-RI-IL2 contains human IL-2 cDNA under the 
control of the retroviral 5' LTR promoter and the neomycin 
phosphotransferase gene under the control of the SV40 
promoter ( see Figure 1 ) . The normal humem IL-2 leader 
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sequence has been replaced with a chimeric sequence 
containing rat insulin and human IL-2 leader sequences (see 
Tables 2, 3 and 4) . This chimeric leader sequence enhances 
IL-2 gene expression. 

5 To construct the LXSH-RI-IL2 vector, the 

bacterial plasmid pBCl2/CMy/IL2 (Cullen, B.R., DNA 7:645- 
650, 1988, which is incorporated herein by reference) 
containing the full-length IL-2 cDNA and chimeric leader 
sequence was digested with Hindlll and the ends were 

10 blunted using Klenow polymerase. IL-2 cDNA was 

subsequently released from the plasmid by digestion with 
B^I. The IL-2 fragment was purified by electrophoresis 
in a 1% agarose gel and the appropriate band was extracted 
utilizing a glass powder method. Briefly, the gel slice 

15 was dissolved in 4M Nal at 55". Aftsr cooling to room 
temperature, 4 jiL of oxidized silica solution (BIO- 101, La 
Jolla, CA) was added to adsorb the DNA. The silica was 
ythen washed with a cold solution of 50% ethanol containing 
0.1 M NaCl in TE buffer. The DNA was eluted from the 

20 silica by heating at 55'> in distilled H2O. . The purified IL- 
2 cDNA was then directionally ligated into the Hpal-BamHI 
cloning sites of the pLXSN vector. A more complete 
description of the pLXSN-RI-IL2 vector and its partial 
nucleotide sequence are provided in Tables 2, 3, 4, 5 and 

25 6. 
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Ta>le 2 



Pa«?5 

1-589 
659-1458 

1469-2151 

1469 1718 
1647- 1718 
1719-2151 

2158- 2159 

2159- 2503 
2521-2522 
2557-3351 
3370-3371 

3411-4004 

4073- 4074 

4074- 6365 



I>e$cripllon of the LXSN-RI-IU 
from position 1 to 6365 



Pgxription 

Moloney murine sarcoma vinis 5' LTR 

The sequence of the extended packaging 
signal 

IL-2 cDNA with chimeric leader sequence 

lLr2 chimeric leader sequence 

coding region of the signal pq)tide 

Mature 11^2 coding sequence 

Mo mo sarcoma virus end/SV 40 start 

Simian virus 40 early promoter 

Simian virus DNA end/Tn5 DNA start 

Neomycin phosphotransferase 

TnS DNA end/Moloney murine kakemia 
vinis start 

Moloney murine leukemia vinis 3' LTR 

Moloney murine leukemia DNA end/pBR322 
DNA start 

Plasmtd backbone 
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Aatl 
Aa1:2 
Acd 
Acc2 

Acyl 
Afll 

Afl2 
Afl3 
Ahal 

Aha2 
Aha3 
Alul 



Enzyme [# Cuts] 



26 

Position ( s ) 



Alwl 

AlwNl 

Aocl 

Aoc2 

Aosl 
ApaLl 



[ 
[ 
[ 
t 

2751, 
4186, 

t 
[ 

3201, 
[ 
I 
[ 

789, 
4017, 

t 
[ 
I 

734, 
2500, 
3826, 
4784, 

[ 

2529, 
5127, 

t 
[ 
t 

2631, 
3841, 

[ 
I 



2] 1961,. 2481 
2] 811, 6295 
1] 4252 

191 392, 394, 445, 969, 971, 1193, 
3052, 3084, 3807, 3809, 4081, 4083, 
4527, 5108, 5438, 5931, 6263 

5] 808, 2685, 3860, 5910, 6292 

13] 260, 273, 328, 626, 756, 1277, 
3676, 3689, 3744, 4041, 5511, 5733 

4] 34, 1064, 1955, 3446 

2] 1592, 4480 

20] 161, 237, 473, 474, 602, 644, 
2689, 2849, 3578, 3653, 3888, 3889, 
4059," 4126, 4161, 4860, 5556, 5907 

5] 808, 2685, 3860, 5910, 6292 

3] 5239, 5258, 5950 

33] 29, 33, 119, 190, 411, 654, 

742, 1470, 1486, 1751, 1935, 2003, 2446, 
2791, 3249, 3441, 3445, 3532, 3607, 
4069, 4122, 4141, 4422, 4648, 4738, 
5041, 5562, 5662, 5725 

20] 1110, 1414, 1665, 2018, 2147, 2160, 
2553, 2864, 2929, 3110, 4027, 5041, 
5129, 5225, 5226, 5689, 6006, 6010 

4] 231, 3572, 3647, 4896 

2] 847, 1076 

19] 323, 413, 426, 597, 1583, 1721, 
2724, 2798, 2988, 3050, 3739, 3828, 
4012, 4300, 4798, 5959, 6044 

2] 2787, 5595 

4] 1717, 4296, 4794, 6040 
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Apyl 

Aqul 

Asel 

Asp700 

Asp718 

AspAl 

Asul 



[ 

1275, 
2196, 
4629, 

[ 
t 
[ 
[ 
[ 
[ 

626, 
1532, 
3676, 
5733, 



22] 315, 623, 801, 814, 1227, 1252 
1295, 1325, 1526, 1536, 1558, 1630, 
2251, 2268, 3072, 3731, 4038, 4508, 



3887 



4642 










6) 


241, 


.472, 


1998, 


3821, 3854, 


2] 


1801, 


5545 






1) 


5972 








2] 


476, 


3891 






1] 


1145 








29] 


169, 


200, 


245, 


260, 273, 



328 



756, 826, 839, 1043, 1254, 1277, 

1649, 3201, 3541, 3586, 3616, 3661, 

3689, 3744, 4041, 5415, 5494, 5511, 
6349 



Aval 


[ 


6] 


241, 


472, 


1998, 


3821, 


3854, 


Ava2 


[ 

3201, 


13] 
3676, 


260, 
3689, 


273, 
3744, 


328, 
4041, 


626, 
5511, 


756, 
5733 


Ava3 


[ 


2] 


2232, 


2304 








Avx2 


[ 


2] 


1962, 


2482 








Ball 


[ 


3] 


658, 


1169, 


2767 






BamHl 


[ 


1] 


2152 










Banl 


[ 

3859, 


9) 

3891, 


318, 
5321 


476, 


1200, 


2684, 


2719, 


Ban2 


[ 

3841, 


8] 

4012 


413, 


426, 


597, 


1583, 


3050, 


Bbel 


[ 


2] 


2688, 


3863 








Bbvl 


[ 

2800, 
4372, 
5600, 


22] 
2816, 
4390, 
5802 


969, 
2909, 
4809, 


997, 
3321, 
4899, 


1738, 
4060, 
4902, 


2493, 
4131, 
5108, 


2632, 
4228 
5411 


Bell 


[ 


1] 


2526 










Bgll 


[ 


2] 


2435, 


5493 








Bspl286l 


I 

2631, 
3841, 


19] 
2724, 
4012, 


323, 
2798, 
4300, 


413, 
2988, 
4798, 


426, 
3050, 
5959, 


597, 
3739, 
6044 


1583, 
3828 



1277 
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BspHl 
BspMl 
BssH2 
BBtE2 
BstNl 

BstUl 

BBtXl 
BstYl 

Bsa36X 

Ccrl 

Cfol 



Cfrl 

CfrlOI 
Cfrl3I 



Cvnl 
Ddel 

Dpnl 



28 

[ 3] 5200,. 6208, 6313 

[ 4] 1501, 2500, 2572, 2953 

[ 4] 392, 443, 3082, 3807 



C 



1) 



1145 



801, 814, 1227, 1252 



[ 22] 315, 623, BUi, oxt, ^-^^'r 

1275, 1295, 1325, 1526, 1536, 1558, 1630, 

2196, 2251, 2268, 3072, 3731, 4038, 4508, 
4629, 4642 

r 19) 392, 394, 445, 969, 971, 1193 

2751, 3052, 3084, 3807, 3809, 4081, 4083, 

4186, 4527, 5108, 5438, 5931, 6263 

t 1] 2060 

r 11] 2010, 2152, 2521, 2856, 3102, 5121 

5132, 5218, 5230, 5998, 6015 



[ 



2] 



847, 1076 



971 



[ 1] 1998 

r 31] 394, 396; 445, 447, 714, 

2679, 2687, 2751, 2788, 3054, 3084, 3086, 

3314, 3809, 3811, 3862, 4083, 4186, 4216, 

4357, 4390, 4660, 4727, 4827, 5001, 5110, 

5503, 5596, 5933, 6265 

[ 9J 656, 790, 1167, 1188, 2591, 2765 

3156, 3183, 5761 

[ 3] 3004, 3185, 5453 

r 29T 169, 200, 245, 260, 273, 328 

626, 756, 826, 839, 1043, 1254, 1277, 

1532, 1649, 3201, 3541, 3586, 3616, 3661, 

3676, 3689, 3744, 4041, 5415, 5494, 5511, 

5733, 6349 



2J 



847, 1076 



[ 23] 75, 165, 191, 282, 553, 847 

1076, 1348, 1692, 2442, 3348, 3487, 3582, 

3657, 3698, 3879, 3967, 4290, 4755, 5164, 

5330, 5870, 6296 

[ 30] 95, 1104, 1236, 1421, 1659, 2012 

2154, 2523, 2528, 2547, 2858, 2936, 3017, 

3026, 3104, 3507, 4021, 5048, 5123, 5134, 

5142, 5220, 5232, 5337, 5678, 5696, 5742, 

6000, 6017, 6053 
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Dral 
Dra2 
Eael 

Eagl 
Eco47I 

Eco52l 
EcoSlI 
EcoNl 
ECOO109I 
EcoRl 
EcoRl* 

EcoR2 

EcoRS 
ECOT22I 
Fdi2 
Fnu4El 



t 
[ 

3156, 
[ 
[ 

3201, 
[ 
[ 
[ 
[ 
[ 



29 

3] 5239, 5258, 5950 

4] 328, 1277, 3744, 6349 

9] 656, 790, 1167, 1188, 2591, 2765 
3183, 5761 



2] 



790, 2591 



13] 260, 273, 328, 626, 756, 1277 
3676, 3689, 3744, 4041, 5511, 5733 

2] 790, 2591 

2] 847, 1076 

2] 850, 1450 

4] 328, 1277, 3744, 6349 

1] 1460 



[ 14] 938, 1037, 1460, 1798, 1805, 1928, 



2064, 
5801 

[ 

1273, 
2194, 
4627, 

[ 
[ 



2121, 2236, 2308, 2400, 5240, 5546, 

22] 313, 621, 799, 812, 1225, 1250, 

1293, 1323, 1524, 1534, 1556, 1628, 

2249, 2266, 3070, 3729, 4036, 4506, 
4640 

4] 137, 213, 3554, 3629 
2] 2232, 2304 



FnuD2 

Pokl 

Fspl 
Hae2 



I 

2430, 
2789, 
3296, 
4404, 
5097, 

[ 

2751, 
4186, 

[ 

3009, 
[ 
[ 



2] 2787, 5595 

41] 793, 967, 983, 

2507, 2594, 2646, 2657, 

2830, 2917, 2920, 2923, 

3310, 4074, 4120, 4217, 

4407, 4525, 4680, 4823, 

5425, 5614, 5764, 5791, 



986, 1191, 1752, 
2747, 2752, 
3159, 3255, 
4270, 4386, 
4888, 4891, 
5886, 6115 



19] 392, 394, 445, 969, 971, 1193, 
3052, 3084, 3807, 3809, 4081, 4083, 
4527, 5108, 5438, 5931, 6263 

13] 498, 1198, 1358, 1679, 2333, 2552, 
3034, 3912, 4168, 5339, 5520, 5807 

2] 2787, 5595 

4] 2688, 3863, 4358, 4728 
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Bae3 



Hap2 



Hgal 

HgiAl 

Ehal 



HinPl 



r 35] 171, 202, 247, 658, 792, 828, 

840, 1045, 1169, 1190, 1255, 1534, 1650, 

1866, 1961, 2423, 2429, 2438, 2481, 2593, 

2767, 3158, 3185, 3543, 3588, 3618, 3663, 

4495, 4506, 4524, 4958, 5416, 5496, 5763, 
6350 

r 30] 161, 237, 473, 601, 643, 789, 

2590, 2667, 2689, 2717, 2848, 2938, 3005, 

3186, 3578, 3653, 3888, 4016, 4058, 4126, 

4160, 4687, 4834, 4860, 5050, 5454, 5488, 
5555, 5665, 5907 

[ 8] 455, 707, 960, 1580, 4175, 4591, 
5169, 5899 

[ 9] 413, 1721, 2798, 2988, 3828, 4300, 
4798, 5959, 6044 

E 31] 394, 396, 445, 447, 714, 971, 

2679, 2687, 2751, 2788, 3054, 3084, 3086, 

3314, 3809, 3811, 3862, 4083, 4186, 4216, 

4357, 4390, 4660, 4727, 4827, 5001, 5110, 
5503, 5596, 5933^ 6265 

r 31] 392, 394, 443, 445, 712, 969, 

2677, 2685, 2749, 2786, 3052, 3082, 3084, 

3312, 3807, 3809, 3860, 4081, 4184, 4214, 

4355, 4388, 4658, 4725, 4825, 4999, 5108, 
5501, 5594, 5931, 6263 



Hinc2 
Hind2 
Hind3 
Hinfl 

Hpa2 



Hphl 

Kpnl 
Mael 



£ 1] 
t 1] 
t 1] 



5914 
5914 
2498 



[ 14] 298, 517, 857, 868, 1553, 1814, 

3170, 3304, 3356, 3881, 4380, 4455, 4851, 
5368 

[ 30] 161, 237, 473, 601, 643, 789, 

2590, 2667, 2689, 2717, 2848, 2938, 3005, 

3186, 3578, 3653, 3888, 4016, 4058, 4126, 

4160, 4687, 4834, 4860, 5050, 5454, 5488, 
5555, 5665, 5907 

[ 11] 1214, 1240, 1817, 2863, 4102, 4111, 

5216, 5443, 5859, 6065, 6100 



I 



2] 



480, 3895 



t 15) 30, 293, 689, 727, 739, 1452, 

1606, 1893, 1963, 2483, 3442, 3709, 4975, 
5228, 5563 
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Mae2 [ 11] 808, 1139, 1180, 1987, 2801, 2988, 

4233, 5183, 5599, 5972, 6292 

Mae3 [ 20] 38, 1052, 1080, 1145, 1289, 1478, 

1706, 2805, 3111, 3450, 4134, 4229, 4836, 
4899, 5015, 5298, 5629, 5687, 5840, 6028 

Mbol ( 30] 93, 1102, 1234, 1419, 1657, 2010, 

2152, 2521, 2526, 2545, 2856, 2934, 3015, 
3024, 3102, 3505, 4019, 5046, 5121, 5132, 
5140, 5218, 5230, 5335, 5676, 5694, 5740, 
5998, 6015, 6051 

Mbo2 [ 17] 444, 1145, 1356, 1575, 1617, 1908, 

1911, 3046, 3256, 3336, 4351, 5142, 5213, 
5968, 6046, 6155, 6351 

Mnll [ 54] 291, 444, 508, 534, 560, 639, 

841, 939, 1227, 1330, 1363, 1369, 1372, 
1378, 1408, 1411, 1426, 1433, 1449, 1559, 
1620, 1909, 1921, 2412, 2418, 2443, 2449, 
2455, 2458, 2470, 2508, 2535, 2599, 2735, 
3092, 3286, 3707, 3859, 3878, 3923, 3948, 
3974, 4054, 4087, 4117, 4379, 4587, 4662, 
4911, 5311, 5392, 5540, 5746, 6339 

Msel [ 22] 35, 1065, 1177, 1207, 1231, 1801, 

1843, 1956, 1971, 2124, 2139, 3447, 4261, 
5186, 5238, 5243, 5257, 5310, 5545, 5584, 
5949, 6321 

Mspl [ 30] 161, 237, 473, 601, 643, 789, 

2590, 2667, 2689, 2717, 2848, 2938, 3005, 
3186, 3578, 3653, 3888, 4016, 4058, 4126, 

4160, 4687, 4834, 4860, 5050, 5454, 5488, 

5555, 5665, 5907 

Mstl [ 2] 2787, 5595 

Mst2 [ 2] 847, 1076 

Mval [ 22] 315, 623, 801, 814, 1227, 1252, 

1275, 1295, 1325, 1526, 1536, 1558, 1630, 

2196, 2251, 2268, 3072, 3731, 4038, 4508, 

4629, 4642 

Nael [ 1] 3187 

Narl [ 2] 2685, 3860 

Ncjil [ 20] 161, 237, 473, 474, 602, 644, 

789, 2689, 2849, 3578, 3653, 3888, 3889, 

4017, 4059, 4126, 4161, 4860, 5556, 5907 

Ncol [ 2] 2389, 3117 
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Ndel 
Nde2 



[ 11 4303 

r 301 93, 1102, 1234, 1419^ ^^^l' 

2152, 2521, 2526, 2545, 2856, 2934, 3015, 
3024, 3102, 3505, 4019, 5046, 5121, 5132, 
5140' 5218, 5230, 5335, 5676, 5694, 5740, 
5998, 6015, 6051 



Nhel 
Nla3 

»la4 



[ 



3] 



[ 26] 

2030, 2230, 

3121, 3147, 

5695, 5705, 

[ 28J 

758, 827, 

2272, 2686, 

4042, 4512, 
6259 



29, 1605, 3441 

61, 1263, 1596, 1649, 1835, 1856, 

2302, 2393, 2559, 2904, 3090, 

3473, 4119, 4224, 4484, 5204, 

5783, 5819, 6212, 6317 

153, 246, 262, 320, 478, 627, 

959, 1202, 1279, 2154, 2200, 

2721, 3678, 3736, 3861, 3893, 

4551, 5323, 5417, 5458, 5669, 



Nsil 



[ 21 2232, 2304 



NspB2 

NspHl 

PaeR7I 
Pall 



Nsp(7524)l[ 

4119, 

Nsp(7524)2[ 

2631, 
3841, 

c 

3607, 

c 

4119, 
C 

c 

840, 
1866, 
2767, 
4495, 
6350 

[ 

5362 
[ 
C 
[ 
[ 



81 1596, 1835, 1856^ 2230, 2302, 3090, 
4484 

191 323, 413, 426, 597, 1583, 1721, 
2724, 2798, 2988, 3050, 3739, 3828, 
4012, 4300, 4798, 5959, 6044 

121 119, ' 190, 1751, 2158, 2791, 3532, 
3989, 4192, 4822, 5067, 6008 

81 1596, 1835, 1856, 2230, 2302, 3090, 
4484 



1998 



351 171, 202, 247, 658, . 792, 828 

1045, 1169, 1190, 1255, 1534, 1650, 

1961, 2423, 2429, 2438, 2481, 2593, 

3158, 3185, 3543, 3588, 3618, 3663, 

4506, 4524, 4958, 5416, 5496, 5763, 



Plel 

PpuMl 
Pssl 
Pstl 
Pvul 



7 J 

3] 
4] 

6] 
1] 



865, 1547, 3350, 3889, 4374, 4859 

328, 1277, 3744 

331, 1280, 3747, 6352 

987, 1163, 1888, 2511, 2738, 5618 
5743 
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Pvu2 
Rsal 

Rsr2 
Sacl 
Saul 
Sau3Al 



[ 



6] 



119, 190, 1751, 2791, 3532, 3607 



Sau96l 



Seal 
ScrFl 



Sdul 



Seel 



SfaNl 

Sfil 
Smal 
Spel 
Sphl 



[ 10] 347, 478, 725, 1342, 1519, 1597 
2991, 3893, 4288, 5853 

[ 1] 3201 

[ 2] 413, 3828 

[ 2] 847, 1076 



I 30] 

2152, 2521, 

3024, 3102, 

5140, 5218, 

5998, 6015, 



93, 1102, 1234, 1419, 1657, 2010 
2526, 2545, 2856, 2934, 3015, 
3505, 4019, 5046, 5121, 5132, 
5230, 5335, 5676, 5694, 5740, 
6051 



[ 29] 169, 200, 245, 260, 273, 

626, 756, 826, 839, 1043, 1254, 1277, 

1532, 1649, 3201, 3541, 3586, 3616, 3661, 

3676, 3689, 3744, 4041, 5415, 5494, 5511, 
5733, 6349 



328, 



[ 
[ 

623, 

1295, 

2251, 

3731, 

4161, 



1] 



5853 



42] 161, 
644, 789, 
1325, 1526, 
2268, 2689, 
3888, 3889, 
4508, 4629, 



237, 315, 473, 474, 602, 

801, 814, 1227, 1252, 1275, 
1536, 1558, 1630, 2196, 
2849, 3072, 3578, 3653, 
4017, 4038, 4059, 4126, 
4642, 4860, 5556, 5907 



[ 19] 323, 413, 426, 597, 1583, 1721, 
2631, 2724, 2798, 2988, 3050, 3739, 3828, 
3841, 4012, 4300, 4798, 5959, 6044 



t 

621, 

1294, 

2194, 

3117, 

4036, 



38] 
622, 
1303, 
2266, 
3576, 
4037, 



159, 
760, 
1323, 
2389, 
3651, 
4640 



235, 314, 324, 472, 536, 

799, 800, 812, 813, 1225, 

1324, 1525, 1557, 1962, 

2424, 2433, 2482, 2848, 

3730, 3740, 3887, 3950, 



[ 23] 258, 520, 997, 1657, 2107, 2239, 

2311, 2643, 2898, 2984, 3048, 3114, 3323, 

3674, 3934, 4146, 4281, 4317, 4357, 4577, 

5629, 5820, 6069 

[ 1] 2435 

[ 2] 474, 3889 

[ 1] 726 

[ 4] 1835, 2230, 2302, 3090 
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Sspl [ 1] 6177 

Sstl [ 2] 413, 3828 

Stul [ 2] 1961, 2481 

Styl [ 9] 324, 536, 1303, 1962, 2389, 2482, 

3117, 3740, 3950 

Taql [ 15] 860, 1096, 1407, 1418, 1660, 1999, 

2514, 2798, 2954, 2978, 3014, 3176, 3367, 

4580, 6024 

Thai [ 19] 392, 394, 445, 969, 971, 1193, 

2751, 3052, 3084, 3807, 3809, 4081, 4083, 

4186, 4527, 5108, 5438, 5931, 6263 

Tthllll [ 6] 465, 877, 1275, 2803, 3880, 4227 

Xbal [ 2] 1892, 3708 

Xhol [ 1] 1998 

Xho2 [ 11] 2010, 2152, 2521, 2856, 3102, 5121, 

5132, 5218, 5230, 5998, 6015 

Xinal [ 21 472, 3887 

Xma3 t 2] 790, 2591 

Xmnl [ 1] 5972 

Xor2 [ 1] 5743 
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Table 4 



Enzymes which do not cut LXSMRII.L2: 

Acc3 Bgl2 Clal Hpal Nrul 

SnaBl 

Apal Bsml Dra3 Ulul Pf IMl 

Spll 

Asu2 BspM2 Eco47III Mrol Sac2 

Sst2 

Ban3 BstBl Espl Notl Sail 
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Table 6 



PCT/l)S92/08999 



fcoa I I iHS, llufnb*r»4 item potUl a 1. 

>Nh«i >A<ia 

»« ••_DKA_«n<l/KO-KuSV_DMA_tt*rt^| Spl It 1 | 



l^c^ SSSSIJ l^<^^cr K^cclcxcri iccxlccc*; cc^^r»^ 

mVACXTTCTC CCCTCCCCAT CCXCCCTTCC ATCCAATTC* TTCOGCTCAA ACCTTCOCTA CCmTTAtC 

. •? . . »^ . »; . ijo ^ »0 ii4o 

«!f!i!!!f ' mcAicAAa ctcaccxaca aacaxacaI^ icaataccaI acac^aJaw 

TAttCACTCT TATCCmCA ACTCTACttC CACTCCItCT ttCTTl^TCC KCrTATSft JSStIJS 

>IC«pS2 

t«TCCTAACC CCmCTCCC CCCCCTCACC CCCAACAAcI CAwIcXCAC CTCA6TCAW CCCcIaACAO 
ACACCATTCC CCAACCACCC CCCOCACTCC CCCTTCnVt CTACTCWTC CAcJSSH 

SlJIS^n ecroccccec ctwccccca acxacacat^ otceccAcAt cccc^ccam 

CTATACACAC CATTCCTCAA CCAOOCCCCC CACCCCCeCT TCTJCnrXAC CaScTCTA J^SSJS 



XcoOlOtI 



CCTCACCACT TTCXACTCAA KATCACATO mOCAOOST COCOCAaIcA OCICAAAAM XoJLZaZ 
CCACTtX^y, AACAWACtT ACIACtCTAC AAAOCK«CA CCCCCTtSS SSJSS JSSSS 
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Table 6 (Cont'd) 



>s«el 
>S«tl 

360 370 3ea 390 | 400 410 ) 420 

• • • • • ■ • ^ • • •^f*.* 

TTArrrcAAC taaccaatca cttcccttct cccttctctt ccccoccttc ccctctccca cctgaataaa 

AATAAACTZC ATTCCTTACT CAACCCAACA COGAAGACAA CCCCCCCAAQ CCCACACCCT CCACTTATTT 



>A»p71t 
>B«nl 



>Aval 



>Aqul 



»An2 >BttB2 >H9«1 >nhlllX >XA4l [ ]>XpAl 

I * 

I 430 440 ^ I 4S0 | 410 | 470 \ | 4i0 490 

•v* • tr* * • • • • » v*v V • • • 

A6ACCCCACA ACCCCTCACT CGGCCCCCCA CTCTTCCCAT ACACTCCCTC CCCCCCCTAC CCSCTATTCCC 
TCtCOCCTCT TCCCCACTCA CCCCCCCCCt CACAACCCTA TCtCACCCAO CCCCCCCATC CCCATAACQC 



>styl 



soo 



^10 520 930 I S40 S50 S$0 

•••• 

AA TAAAQC CT CTKCTCITT CCATCOCAAT OCTCCTCTOO CT C XTCCTT O CCACOCTCTC CTCTCAGTOA 
STATRCCCA CAACCACAAA CCTACCCRA CCACCAGAGC CACAACCAAC CCTCpCKCAa GACACTCACt 



>8«]i2 

SaO S90 (400 €10 420 430 

• r ^ •# 

TTGACTAOOC AOCAOCCCGO tCTTtCATXT CCCGCCTCCT COOCCAXTTO CACAOOOCTO COCACCCAOC 
AACTCATCCO TCCXCCCCCC ACAAAGTAAA COCCCCACCA OCCOCTAAAC CXCTCCCCAC CGCTOCCTCO 



>teU 



t>9 
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Table 6 (Cont'd) 

>cfri 
* I 

>K««X 

I 



«<0 I ««0 670 €80 690 ,00 

ACCCXCCCXC CACOCCCACC TAXCCTCCCC JkCCJUlCTTAT CTCTOTCTCT CCCATTCICT ACTCTCTATC 
TCCCTCCCTC CTCCCCCTCC A1T0CACOCG TOSnCAATA CACACACACA CCCTAACACA tCACACATAC 



>Sli«l 



>H9»1 



1 710 



720 



il 



>«0 7S0 710 770 
-• •• •« 

TTTCAT6TTA TCCCCCTCOC tClCTACTAC tTACCTAACT ACCTCTCTAT CTOCCCCACC CCTCCtCCAA 
AAACTACAAt ACCCCCXCCC ACACAKATC AATCCArtCA TCCACACATA CACCCCCTCC CCACCACCTX 



>leoS2| 



>CfrX 



>A)Ml 
* 



•30 



•30 



7»0 too tip 

«OA«ACTt CTCAACACCC OCOOOCAXOe CTCCCACAOO TCCCACCCAC TTIOCCCCC^ Cm^TCwi 

BlicrocTCAA CAcnctcoo ccocccnco oacoctctoc accotcocio aaaoccoooo caaaaacaoc 



•40 



>EeeNl 
>B«tt3€X 

>Xeel 

>taul 
>scofi: 
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Table 6 (Cont'd) 



>Pl«l >TthlliS 



|iSO §60 f 670 [880 090 900 910 

»y« 

CCCCXCCTCX CCAACCCACT CCATCTCCXA TCCCXCCCCC TCACCATATC TCCTTCTGCT ACCACACCAC 

ccccTCCACT ccttccx:tca cctacacctt accctccccc actcctatac accaacacca tcctctcctc 



920 9J0 940 950 960 970 980 

AACCTAAAAC ACTtCGCCCC TCCCTCTCAA rmiWCir i CCCtTTGCAX CCCAACCCCC CCCTCTTCTC 
TTCCATmC TCAACCCCSCC ACCCACACTT AAAAAOCAAA CCCAAACCTT CCCTtOCCCC OCCACAACAG 



|990 1000 1010 1020 1030 1040 lOSO 

• ^ft t « • • *ft 

TCCXCCAOCA TOCTTCTCTC TTCTCTCTCT CTCACTCTCT TTCTGtArrr CTCTCAAAXT TACCOCCACA 
ACCACCTCCT ACCAACACAC AACACACACA CACTCACACA AACACATAAA CACACIUTA ATCCCCCTGT 



>Aoel 
* 

>$Ml 

'* 

dCrttI 

>KBtt 

>B»tt9CI 

* 

>AfU >te<>llX 

1060 I 1070 |10«0 1090 1100 1110 1130 

CXOTTACCAC TCOCTTAAOr TTCAOCTTAO CtCACTCCAA ACATCTOeAO OCCATOCCTC ACAACCACTC 
CACAATCOTO AGCCAAXtCA AACTCCAATC CACTCAOCXT TCTACACCXC COCTACCCAO K7TQ6TCM 

>cfrl 

* 

>A«pAl >tMX >ratl 
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>IU«2 >t9tZ2 >r»tl |>Bail >M««3 >C€rl 

1130 1140 I IISO 11(0 I 1170 lltO 1190 

• ••vvv • • 

CCTACATCTC AACXXCACAC CTTCCCnAC CUCIWIVT CCACAATCCC CAACCTTTAA CCtOCCATCC 
OCATCTACAG TTCTTCTCTC CAACCCAATC CAACACCACA CCTCTTAOCC CTTCCAAATT CCACCCTACC 



>Hphl >Rphl 

1300 1310 I 1220 1310 1240 13S0 12(0 

CCCCCACAOC CCACCTTTAA CCCACACCTC ATCACCCACC TTAACATCAA CCTCTTTTCA CCtCCCCCOC 
COCCCTCTCC CCTCCAAATT CCCTCTCCAO TACTCCCTCC AATTCTACTT CCACAAAACT CCACCCCCCC 



>KcoO109Z 

• I 

A I 

>nMllt| >Styl 

: I I 

1390 I 12«0 1390 nOO | 1)10 1330 13)0 

** *«• ••^aa • • •» 

ATCCACACCC ACACCACCTC CCCTACAT06 TCACCTCCCA ACCCTTCCCT TTTCACCCCC CTC C CTCCCT 
TACCTSTCCC TCTCCTCCAC CCCATCTACC ACTCCACCCT TOCCAACCCA AAACTCCCCC CACCCACCCA 



1340 I 13$0 13(0 1370 1300 13*0 1400 

•• •• •• • * 

CAACCCCllI CTACACCCTA ACCCTCCCOC tCC l C H U. 1 CCATCOCCCC CCTCTCTCCC CCTTCAACCT 
eneCCCAAA CATCTCCCKT TCCCACCCSC ACCACAACCA CGTACeOCCe CCACACACCe eCAACTXCCA 



>tee«l >Keoia 

• * 

1410 14M 1430 1440 14S0 14C0 1470 

• • •••• ft« 

CCtOOTTOCX OCCOCCCTOO ATCCtCOCTT TATOCAOOCC TCACTCCTTC TCTAOOCCOO MTTOCTTAO 
CCACCAACCT CCCGOCCACC TAGCACCCAA XTAGCtCGCO ACTCACCAAO ACATCOOCCC TTAACCAXIC 
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1480 1490 ISOO I ISIO 1S20 1S30 1S40 

• • ••^•tt • ** 

CTTGCTAAGT CACCACCTAC AGTCCCAAXC CATCAOCAAO CACCTATCTA CTCTCCACOC TCCCCCTCCC 
MCCATTCA CTCCtCCATC TCACCCTTTC CTACTCCTTC CTCCATACAT CACACCTCCC ACCCCCACOO 

>R0«1 
* 

>Napai 



>B4n2 >Kip(7S34)l 



>P1«1 
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>Afl3 
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1 >Khal 


15S0 


ISCO 


ISIO 


1S80 


1S90 1 


leoo 1 1(10 



TTCCCCACTC AACACTCCAC CCATTTCACC CACCCTCTCC CCTCTTCTCT TACATCTACC TTTTCCTACC 
AACCCGTCAC TTCTCACCTC CCTAAACTCC CTCCCACACC CCACAACACA ATCTACArCC AAAACCATOO 



1620 1410 1(40 1650 1440 1470 14iO 

CTCAACCCXC ACTATCTTCC ACCTCATTGT TCCAACATCC CCCTCTCCAT CCACACCAtC CAACTCCTCT 
ACrrCGCAC TCATACAACC TCCACTAACA ACCnCTACC COCACACCTA CCTCTCCTAC CTTCACCACA 



>R9lAl 

>Ap«Ll 1 
* I 

lt»e 1100 1710 1730 I XYM 1740 17S0 

CTXCCXTTCC XCTAACTCrr CCACTTCTCA CAAXCXGTCC ACCTACTtCX ACTtCTACAX ACAAAACACA 
JUiOCTAAOC TCATTCACAA CCTCAACACT CTTTCTCAOO TCCATCAACT TCAACATCTT TCTTTrCXCt 



* 

I 1740 1770 1710 t7f0 1100 | 1110 1020 

CCXCCAXCTO CACCATTTAC TCCTCCATtT ACAOAliQATT TTCAATOCAA nAATAATTA CAACAAtCOC 
CCXCGtlCAC CTCCTAAATC ACCACCTAAA T6TCTACTAX AACTTAOCn AATtATTAAT CTTCTTACOO 



>Sfhl 

>lVsp(7524)l >K«pBl 
* & 

>Htplll >KapC 7^34)1 >Pstl 

mo I 1140 laso |iaM i»70 laso itto 

JUUiCXCAOCC CCATCCTCAC AtTTAACRT TACATOCCCA ACAAOCCCAC AOAACTGAAA CATCICCAOT 
tnCACTCOO CCTAOCACTO TAAATTCAAA ATCTACGOCT I Cl lCCO ft TO tCTTOACRT CTACAOOTCA 
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I 1900 1910 1920 1930 1940 19S0 | 19«0 

CTCTACAAGA ACXACTCAAA CCTCTCCACC AACTCCTAAA TTTAGCTCAA ACCAAAAACT TTCACTTAAC 
CACATCTTCT TCTTCACTTt CCACACCTCC TTCAOCATTT AAATOCACTT TCCTTTXTCA AACTCAATtC 

>Avtl 

>Avr2 >Aqul 
>«tyl >Ccrl 

•I ' • 

>AAtl >Ka«2 >XKol >8«tYl 

*| • • * 

11 1970 1980 1990 3000 3010 2020 3030 

mr* • • • • • • • • • 

CCCTACCCAC rrAATCACCA ATATCAACCT AATACTTCTC CAOCTAAACC CATCtCAAAC AACATTCATG 
CCCATCCCT G AAT7ACTCCT TATACTTCCA TTATCAACAC CTCCATTTCC CTACACmC TTCTAACTAC 

>I»U1 

3040 30S0 3040 3090 3000 2090 3100 

tOtCAATATG CTCATCACAC ACCCACCATT CTCCAAmC TCAACACATC CATtACCTTT tCTCAAACCA 
XCACTXATAC CACTACTCTG TCCCTCCTAA CACCTtAAAG ACrrCTCTAC CTAATCCAAA ACAC11TC6T 

>B*aK1 
* 

>BitTl 

* 

>Xho8 >iv«p«2 
>sijiLAA Tlnif 40 •ftxlrprcnot^r 
>Ko-MttSV OKA OAd/tUlAA TLniO 40 OKA tttrt 

alio 3110 alio 1140 iiso | iioo i»e 

TCATCTCMC XCTXACnCA TAATTAACTC CTTOOCXCTT AXAACATATC ACCXTCOCCT CtMAATCtC 
A6TACACTT0 TCATTCAXCT kTTAKTTCXC CAACCCTCJJl tTTlCTATAO TOCTAOCOeX CAOCTXACMe 

>KcoT21I 

* 

>M11 
>ATft3 
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• I 

>liapifX 



>Sphl 

2180 2190 3300 7210 2720 2270 



2240 



TCTCACTTAC CCTCTCCAAA CTCCCCACCC TCCCCACCAC CCACAAGTAT CCAMCCATC CATCTCAATT 
ACACTCAATC CCACACCTTT CACCCCTCOG ACCCCTOCTC CCTCTTCATA CCTTTCCTAC CTACACTTAA 



>K«11 
* 

* 

>tcoT32X 

>H9pC7S34}t 
• I 

' I 
>Sphl 

3350 33«0 3370 33fO 33fO 3300 | | 3)10 

• • •• •• ••vY^ * 

ACrCACCAAC CACCTCTCCA AACTCCCCAC CCTCCCCAOC ACCCACAACt ATCCAAACCA TCCATCTCAA 
TCACTC C TT C CTCCACACCt TTCACCCCTC OCACCCCTOC tCCCTCTtCA TACCTTTOOT AOCTACACIT 



3330 3330 3340 3350 3350 3370 33tO 

TTACTCACCA ACCATACTOC OCCCCCTAAC TCOCCCCATC COCCCCCTAA CTOOCCOCAC TTOO G CCCAT 
AATCACT06T TOCTATCACG CCOGOCATTC ACCCCCCTAC CCOCOCCATT CACCCCCCTC AACCCCCCTA 



>MccX >ifll 

>5tyl >i9ll 

33>0 3400 3410 3430 3430 | 3440 34S0 

tCTCOCC«C ATCCCTCACt A A I llllTT t AnXATCCAO ACCCOCACGC OCCCtOCCCC TCTCAGCrAT 
ACAOCCCCCC TACOCACXCA tTAAAAAAAA TAAATACX^tC TCOCGCICOO CCGCACCOCC ACACTCGATA 



>5t7l 

•I 
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>A«tt >Klnd9 >F0ti 

"I • I 

2460 2470 3460 || 3490 2500 2510 | 2520 

• • • • • • • ^ • • • ^ ^ » 

rCCXCAACTA CTCACCACCC TTTmCCAO CCCTACCCTT TTCCAAAAAC CTTCCCCTCC ACCTCCACCC 
ACOTCTTCAT CACTCCTCOC AAAAAACCTC OCCATCCCAA AACSCTTTTTC CAACCCCACC tCCACCTCOC 



>Iho2 

ft 

>Uttl 

Ui I Mji 1x11 i^DKA^* nd /Tft 5_DKA_»t art 



>BspMl 



I |2S30 3S40 2SS0 3560 2570 | 25M 

•• •• • • • 9 r • • • 

CCATCTCATC AACACACACG ATCACCATCC mCSCC ATO ATT CAA CAA CAT CCA TTC CAC CCA CCT tCT 
CCTACACTAC TTCTCTCTCC TACTCCTACC AAACOC TAC TAA CTT CTT CTA CCT AAC CTQ CCT CCA ACA 

M«t XI* Cltt Cln Aop Cly Uu Via Ala Cly Scr> 



>BcoS2Z 
* 
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>tftO| 

*■ ~ 

>Cfri 

• 



2S»0| 3(00 2410 2620 2610 2640 2610 

•»» • • t« 

000 CCC CCT tec CTO CAC AOO CTA rrC ©CC TAT CAC TCC CCA CAA CAC ACA ATC CCC tec tCT 
CCC CCO CCA ACC CAC CXC TCC OAT AAO COO ATA CTO ACQ OCT OTT OTC TCT TAO CCO AOO AOA 
fro AU AU Trp Vol 01« Ary U« fbo Oly Tyr Aop Trp Alo 01b OU Thr Ilo Cly Cyo ior> 
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L«o> 



>B«1X 
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>CA«I 



"» . . "1 i . 

nj tn n: s: ^ ^ ni s: tr, ... - «. x.» «,> 



27tO 



>Aofli 

>rdi2 >rvw» 

>K*tl >K*pl2 

|27»e I 



>TthlllX 



>H9U1 



3100 1 



3tlO 



3t30 



>B»tn 

>XheS >Rp^l ' 
2IS0 I »»0 I J«0 

Qhx TO COO oce CM wz etc CtO tCfc tct c* 

CtT cue 060 CCC etc CTX 0X0 CM AO* *6K CtO 
Itt V»l »ro CXf Ola f»p l«u l«u « r tmz Hl« 



2ftt0 26>0 2900 

» • • • • • 

CXT OCT OCT OOe CM MUk CTA tOC MG XTO 
CMk OCA OCX coo CTC tXT CliT AOO TAO «AC 
Utt KXft rro Ill4 OW ty VAl ft Xl« ltot> 
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CCt CXT CCA Ate CCC OCO CTC 
CCA Ctk OCT TAG CCC CCC CAC 
Ala Aip Alft H«t Ar9 Arg L«u 



Table 6 (Cont'd) 



2930 2940 

• • • • 

CAT ACC CTT CAT CCO CCT ACC 
CTA TCC CAA CTA CCC CCA TCC 
Hi* Thr teu A»p Fro Alt Thr 



29S0 I 2960 

• ^ • • • 

TCC CCA TTC CAC CAC CAA CCO 
ACC OCT AAC CTC CTC CTT CCC 
Cyi rra Phc Asp Hit Cln AU> 



2970 
• 



2910 
t 



>H9lAI 
>Ka«2 



2990 



>Cfrl0X 



2000 I 2010 2020 3020 

• • • • • • • 

jul CAT CCC ATC CAC CCA CCA OCT ACT CCO ATC CAA CCC COT CTT CTC CAT CAC CAT CAT CTC 
MT Sa CCC TAO CTC CCT CCT CCA TCA CCC TAC CTT CCC CCA CAA CAO CTA CTC CTA CTA CAC 
ty. Sli Ar9 lU CU Ar9 AU Arg Thr Ar9 Mtt Clu AU Cly Utt Val A.p Cln A«p A»p t*u> 



>i«n2 



>Sphl 
>N«p(7S24)l 
>Bt»K3 >K*pHt 
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9M0 



J040 JOSO 30«0 3070 lOtO 

• • • • • m • • 

Cke CAX eXO CXT CAC CCC CTC CCO CCX CCC C^X CTC TIC CCC ACC etc AAC C06 CCC XT© CCC 
CK CTT CTC CTA CTC CCC CXC CCC CCT CCC CTT CXC XXC.CCC TCC CXC TTC CCC CCC TXC CCC 
A»p CW Cl« Hl» CX« Cly Utt AX» fto hU CXu Ue« fh* XI* Xrf Uvi ty» Xl» Xr9 M«t ftp> 



>Xhe3 



>ft»tTl 



>Keel 



>Styl 
|3130 



>cfrl 



3200 I JllO P«0 3130 3140 3U0 | 

• • ^ m • • • • • • • 

CXC CCC CXC CXT CIC CTC CTC ACC CXT CCC CXT CCC TCC TTO CCC AXT ATC ATC CTC CXX XXT 
CTO coo CTC CTA CAC CAC CAC TCO CTX CCC CTA OCO AOO AAC COC TTA TAC TAC CAC CTT TTA 
A*p Oly «l« Aip Uu Thx Bl» Cly Atp Ala Cyt Vmv 9r9 A*n «• V«l Olu A«ft> 
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>Cfrl X 
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3470 
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3430 J4«0 I |J4$0 3460 

dsi sis^ i= 
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CXTATCTCIT CJSACTCTACT TCCXCTCCIT CICTACCITO xw-av* 
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H70 
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>CcoRS 



^il^S ISIS^ JfTC^CCCoJ AAC JcXCxi CCXA^Ici^ AATA;cCCC; AAACa'ccxS 
CCATTCCrCA ACCAOCCCCC CCACTCCCCC TTCTTCTCTA CCITCTCCAC TTATACCCCC mircSS 



>AlwMl 

3<40 36S0 )6(0 3C7o 



• • • » • • • • . • • 



3(80 9690 3700 



TCTCtCCTAA CCACTTCCTO CCCOCCCTCA CCCCCAACAA CACAICCrcC CCACArCCCC TCCaLmI 
ACACACCATT CCTCAACCAC CCCCCOJACT CCCCCTTCTT CTCTACCAOC SJSHS iSSSJ 



* 

>eeoO10»l 

• I 



>i«Ai >$tri 



mo mp I „4o I 3no ,no 3„o 

ACCACITTCT ACACAACCAT CACATCmC CACCCTCCCC CAaI^ACCW AAATCACCC^ CTCo^* J 
tCCTCAAACA TCICmCTA CTCTACAAAC CTCCCACCCC Ct^^^^C mJSSS SSSSS 



>»«el 

>Aqul >t«tl 



• . . i ,Mo 

rcj^nj^ siss s« ^ 



3t40 



>A.^71i 

>Bb«l >„ 
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' I 

>kr%l 

• I 

• I 
3690 

• V ir» v V • 



il 



3900 



3920 



3660 

CCACXXCCCC TCXCTOCCCC CCCCACTCCT COCATTCACT CACTCCCCOC CCTACCCCTC TATCCAATAA 
COTCTTOCCC ACKACCCCC COCCTCAOCX CCCTAACTCA CXCACC300CC CCATCCCGAC ATACCrTATT 



>Styl 



3920 3930 394 0 3950 3960 3970 

•r* 



3960 



ACCCTCTTCC ACTTCCATCC CACTTCTCCT CTOCCTCltC CTTCCCACCC TCTCCTCTCA CTCAnCACT 
TCOCACAACC TCAAOCTACG CTCAACACCA CACCCACAAC CAACCCTCCC ACACCACACT CACTXACTCA 



3990 4000 4010 | 4030 4030 4040 40S0 

• V* • • • • ^ ^ . • • . . ^ , 

AccocTCAcc ccccctctrr CAmccccc CTOCTCCOCC ATCCCCACAC CCCTCCCCAC CCACCACCCA 
rcCCCACTCC CCCCCACAAA CTAAACCCCC CACCACCCCC TACCCCTCIC CCCACCCCTC CCTCCTCCCt 



>N«P(7S34)1 
>llphl >Ri>hl >M«pBl 



40»0 4070 I 4010 40f0 4100 I 4110 I 

• • • • • • * I 



41M 



^AO»W CCWCTAWC tCCCJCCCIC COCOCTTTCO CTCATCAOOO tCAMAOCXC TCACACAWC 
CCCTCCICCC CCTCCATTOO XCOCAOCCAO OCOCCAAACC CACTACTCeC ACTttTCCAO ACtCTCTAW 



>BgAl 



4130 4140 41S0 41«0 4170 I 4100 41fO 

•••• . , 

JCCT«CCCX CAOCCTCKCA CCmTCXCT AACCCCATCC OGGCACCACA CAA600CCTC AOCCOCOCIC 
TOCACCCCCr CTCCCACtCT OCAACACACA TTOCCCTACO CCOCTOCtCT CITOCOCCAO TCSCOCOCGM 



>ir»pB2 



>Tthllll >Kt«2 
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"^^n r™" ""»«««^ 

WCCCCCTCC CTACTCCCTC ACTCCATCCC TATCCCCTCA CATXtCACCO 

>H9lAl 
>R««1 >ApAtl j >Nd«X 

.H "» "« 

s^isjs i^sirj^ i~ sj™ rissi ssk- 

4340 43S0 43(0 4)70 I 43«0 i«« 

• , . , • , *, , *400 

eCTAACCACA AAATACOCCA TCACCCCCTC TTCCCCTTOC TCC^^cn^ A«J/^J! ' 

ccATTccrcx rrTA««ccT Ac«««Ac AAcccSS ISSISS? w'iSSIS^ SSSSC: 

44,0 44,0 44« 4440 44SO 4440 44,0 



>Kap(7S34}l 

!."•! .«« . «» «w „„ „„ 

SrSS JJJ^4 

TTTXCOCCTC CTTOCCAT7T TTCCCCOCCA ACCAOOCCAA 
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0 4$M 4S90 I 4(00 4eiO 
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TTTCCATACO CTCO C CCCOC CTCACCACOt tCACAXAAXT OCACCCTCAX CTCXCACCTC CCCXXXCCCO 
AAACCTAtCC CACCOCCCCC CACTCCTCCT ACTCT ITI TA CCTCCCACTT CACTCTCCXC OCCTTTCCC 

4630 4iM 4640 46S0 4660 4670 4660 

ACACCACTAT AAACATACCA CCCCTTTCCC CCTCCAACCT CCCTOCTCCC CTCTCCTCrr CCCACCCTCC 
rCTCCXCATA TTTCTATCCT CCCCAAACCC CCACCTTOCA CCCACCACXSC CACACCACAA CCCTCCCACC 



>Rm2 

4690 4700 4 710 4 7 2 0 4 730 4740 47S0 

CCTTACCCC ATACCTCTOC CCCTTTCTCC CTTCCCCKAC OCTCCOCCTT TCTCATACCT CAOGCTCTAO 
CCCAATCCCC TATCGACACa OCCAAACAOO CAACCCCrTC CCACCOOCAA ACACTATOCA CTCCCACATC 

>Ap«Ll| 

4760 4770 4760 4790 f 480^ 4610 4820 

CTATCTCACT TCCCTCTAOC TCCTICCCTC CAAGCTCCCC TGTCTOCAOC AAOCCCOOGT TCAOCCCCAC 
CATACACTCA ACCCACATCC ACCAACCCAC OTTCGACCOC ACACACCTCC TTGCCCCCCA MTCCCCCTC 

>lt«pi2 >R1«1 

I 4830 4140 48S0 4 8 60 4870 4880 4890 

eccTCCcccr TATCOCCTAA CTATCCICTT CACTCCAACC CCCTAACACA OCACnXtCO CCACTGCCAC 
CCCACCCGCA ATACCCCATT CATACCACAA CtCACCTTCC CCCATTCTCT CCTCAATAOC CCTCACOCTC 

>AlvNl 

|490O 4910 4920 4920 4940 49S0 4960 

CACCCACTCC TAACACCAtt ACCACACOCA GCTATCTACG COCTCCTACA CACTTCTICX ACtCCTCOCC 
CTCCCTQACC ATTCTCCTAA TOOTCTCCCT CCATACATCC CCCAOCATCT CTCAACAACt tCACCACCCC 

4970 4980 4990 SOOO SOlO S020 S030 

• ■ • • • • • »• mm 

TAACTACCCC TACACUCAA CCACAGTATT TCCtATCTCC CCXCTCCTCA ACCCACmC CTtOCCAAAA 
ATTCATCCCC ATCTCATCIT CCtCTCATAA ACCATACAO^ CCACAOCACT TCCCICAATO CAACCCTTTT 
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5040 SOSO SOeO S070 S06Q 5090 5100 

ACACTTCCTA CCTCTTCATC CCCCAXACAA ACCACCCCTC CTACCCCTCC TTTTTTTCTT TCCXACCACC 
TCTCAXCCAT CCXCXXCTXC CCCCT17CTT TCCTCCCCAC CATCCCCACC AAAAAAACAA AOCTTOCTOO 



>Xh 7 >B»tTl 

>Bitn >xhoa >if9«i 

5110 5130 I 51J0 I 5140 5150 5160 S170 

ACATTAOCCC CACAAAXAAA CCATCTCAAC AACAT CC IIT CATCTTTTCT AOCCCCTCTC AOCCTCACTO 
TCTAATCCCC CT Cn iTIIT CCTACACTTC ttCTAGCAAA CTACAAAACA TOCCCCACAC TCOCACTCAC 

>Xho3 >Bftn >Dral 

* * * 

>Ka*2 >BspHl >Kphl >Xho3 >Ah«l 

* * * I * * 

5iaO I 5190 5300 5210 |S220 53M 5340 

CAAOCAAAAC TCACCTTAA6 OCATTTTOCt CXTCACATTA TCAAAAXGCA TCTTCACCTA CATCCTTTTA 
Cl WCii i IC ACTCCAXTTC CCTAAAACCA CTACTCTAAT ACHTTTCCT ACAACTCCAT CTACCAAJUt 



>OrAl 
>M>«) 

5250 52C0 5370 53BO 1390 S300 S310 

AAITAAAAAT CAACTTTTAA ATCAATCTAA ACTATATATC AGTAAACTTC CtCTCACACt TACCAXTCCt 
rTAATTTTTA CTTCAAAArt TACTIACATT TCATATATAC TCATTrCAAC CAGACTCTCA ATCCmOCA 



>B«nl >ri«l 

5330 I 5300 5340 5150 $360 | 5J70 S3»0 

t ^ ^ • • tt • tty* • • • 

TAATCACTCA OCCACCTATC TCAOCCATCT CTCTAtTTOO tTCATCCATA CTTCOCTCAC TOCCO G TO G t 
ATTACTCACr COCTCCATAG ACTCCCTAGA CACAtAAACC AAGTAGCTAT CAAOCGACTC AGGGCCMCIi 

>BpU 

1390 5400 1410 5430 t410 S440 | S4S0 

• • 0» • 0 

GTACATAACT AOCATAOCCC AGCGCTTAOC ATCTCCCCOC AGTGCTGCAA TCATACCGOG AGACCCAOCC 
CATCTAITCA TCCTATGCCC TCCOCAATCG XAGACOGCCC TCA0GAC3CTT ACTATCCCCC TC1CGCTCC6 



>CfrlOI >B«11 

I 54eO 547 0 5410 5490 | 5500 5510 5520 

•• ••• 

TCACCGCCTC CAGAriTATC AGCAATAAAC CAGCCACC06 GAAGCGCOCX CCCCAGAACT GGTOCTCCAA 
MTGGCCCAG CTCTAAATA TCCTrAtTTC GTOCCTCCGC CtTCCCCCCT CCO G TCTT CA CCAGGACCTT 
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5530 5540 I 5550 S$W SS70 $580 55»0 

•• •• 

CtTTATCCCC CTCCATCCAC tCTAITAKTT 0TTCC06CCA ACCTACACTA ACTACTtCeC CACTTAAtAO 
CAAATACCCC CACCTACCTC ACATAAITAA CAACCCCCCt TCCATCICAT TCATCAACOC CTCAATTATC 



>Hae2 



>Aob1 
>rapl 
>rdl2 
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I 5€00 S610 5620 5«0 5640 5650 5660 

Iv» t« • • ^ • • • 

rrtccccxAC crrcrrcccA ttcctccacc catcctcctc tcaocctoct cctttcctat cccttcxttc 
Axxccccrrc ckxcmccot xaccaoctcc ctxccaccac a^tcccxcca ccxaaccatx cocaactaac 



5^70 



$610 S690 5700 S710 5720 5720 

• • •••••• 

ACCTCCCCTT CCCAXCCATC AACCCCACtT ACATCATCCC CCATCTTCTC C AAAAAA CCC CTtACCTCCT 
TCCACGCCAA OCCTTCCTAC TTCCCCTCAA TCTACTACOC CGTACXACAC CriilllCCC CAATCCAOCA 



>Xor2 >Cfrl 
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5740 \ 5750 5760 | S770 5760 57f 0 5600 

• ^ r • • • • • • • • * • 

TCCCTCCTCC CAtCCTTCTC ACAACTAAGT TCOCCOCACT CTTATCACTC AtCCTTATCC CACCACTCCA 
XCCCACCACG CTXCCAACAO TCTtCATTCA ACOCCCCTCA CAATACTCAC TACCAATACC CTOCTCAOCT 



>A0al 

* 

>Scal >Bphl 

5810 5820 S830 5840 5850 ( 5860 S870 

• • •• • • 

TAXTTCtCTT ACT6TCAT6C CATCOCTAAO AtCCTmCT CTCACTCCTO ACTACTCAAC CAA6TCATTC 
XTTAACACAA TCACA6TA0C 6TAC6CATTC TACCAAAACA CACTCACCAC TCATCACtTO CTTCACTAAO 
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$8tO S»00 5M0 I 5„0 ^ 5«0 5910 

TCXCAATACT CTATCCCGCC ACOCACTTCC TCTTCCCCCC OCTOUCAM CCAtIaTAW CaxikCATlI 
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CtTTCTCCCT CACCAAAAAC ACCAACCCAA AATCCCCCAA AAAACCCAAT AACCCOCACA c»eu»'r«^ 
CXAACACCCA CTCCITTTW TOCTTC«rr tTACCCOCW tTTTCCCwI SSJJISI 
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Table 6 (Cont'd) 

CXXTACTCAT ACTCTTCCTt TTTCAATATT ATTCAACCAT TTATCACCCT TATTCTCTCA TCACCCCATA 
CTTATCACTA TCACAACCAA AAACTTATAA TAACTTOCTA AATACTCCCA ATAACACACT ACTCCCCTAT 
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«3S0 



6260 



(270 



6210 



6290 



CATATTTCAA TCTATTTACA AAAATAAACA XATACCCCTT CCCCCCACAT TTCCCCCAAA ACTCCCACCT 
CTATAAACTT ACATAAATCT TTTTATTTCT TTAICCCCAA CCCCOCTCTA AACCCCCTTT TCACCCTCCA 
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CACCTCTAAC AAACCAXTAT TATCATCACA TTAACCTATA AAAATACCC6 TATCACSCACO CCCTTTCCTC 
CTCCACATTC TTTCCTAATA ATACTAC7CT AATTOCATAT TTTTATCCCC ATACTCCTCC COCAAACCAO 
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To generate the LXSN-RI-IL2 retroviral vector, 10 
micrograms of pLXSN-RI-IL2 DNA was transfected into the 
ecotropic packaging cell line PES 01 by standard calcium 
phosphate precipitation methods (Miller et al., Mol. Cell 
5 Biol. 6:2895, 1986). The transfected PE501 cell line was 
grown in DMEM medium with 10% FCS. The medium was changed 
after 24 hours and supernatant harvested 24 hours later to 
infect the amphotropic packaging cell line PA317 as 
described (Miller et al., Mol, Cell Biol. 6:2895, 1986 and 

10 Miller et al., BioTechniques 7:980, 1989). The infected 
PA317 cells were harvested by trypsinization 24 hours later 
and replated 1:20 in DMEM containing 10% FCS and the 
neomycin analogue G418 (400 ^g/ml). The cells were grown 
at 37**C in 7% COj atmosphere. The selection medium was 

15 changed every 5 days until colonies appeared. On day 14, 
twenty colonies were selected, expanded and tested for 
viral production by standard methods (Xu et al.. Virology 
171:331-341, 1989). Briefly, supernatants were harvested 
from confluent culture dishes, passed through a .45 ;jm 

20 filter, diluted with DMEM with 10% FCS and utilized to 
infect NIH 3T3 cells in the presence of 8 /ig/ml polybrene. 
After 24 hours, the infected NIH 3T3 cells were grown in 
culture laedium that contained the neomycin analogue G41&. 
After 12-14 days, the colonies were stained, counted and 

25 the viral titer calculated as described (Xu et al.. 
Virology 171:331-341, 1989). 

Colonies with the highest viral titers (>10* 
infectious units/ml) were tested for IL-2 expression by 
Northern blot analyses. Colonies with the highest viral 
30 titers and documented IL-2 expression were cryopreserved 
and will be utilized as stock cultures to produce the LXSN- 
RI-IL2 retroviral vector trial. 
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EXAMPLE IV 

RETOOVIRAIi VECTOR CONSTRUCTION AND CYTOKINE EXPRESSION 

To increase IL-2 production by transduced cell 
lines r vectors were used containing different promoters to 
5 drive IL-2 expression, and a human IL-2 cDNA was 
directionally sub-cloned into the insuldLn secretory signal 
peptide ( 17 ) . The IL-2 cDNA was directionally sub-cloned 
into the parental plasmids of the LXSN (LTR promoter) and 
LNCX (CMV promoter) vectors (gifts of Dr» A»D. Miller) 

10 (18) . The newly constructed vectors (Figure 1) ^ designated 
as LXSN-IL2 and LNCX-IL2,. were packaged in the PA317 cell 
line for production of retroviral supernatant. As a 
control, the high level expressing, double copy vector 
DC/TKIL-2 vector (thymidine kinase promoter) (a gift of Dr. 

15 E. Gilboa) was used for comparison. 

These vectors were used to transduce a number of 
murine and human, primary and established cell lines. 
Pools of transduced cells were selected and expanded in 
DMEM medium, containing 10% fetal bovine serum (PBS) and 
20 400 ^/g/ml of active G-418, a neomycin analogue. The 
results of expression studies in the MCR9 and Balb/c 3T3 
cell lines are presented in Table 7* 
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Table 7 

Comparison of IL-2 expression by fibroblasts 
transduced with different IL-2 vectors. 

5 ; 

ng IL-2 Units IL-2 

Fibroblast Vector per 10* cells per day 



Murine LNCX (Control) 0.4 ±50% <1 

10 LNCX-IL2 33.7 ±11% 67 

LXSN-IL2 6.6 ± 6% 13 

DC/TKIL-2 1.9 ± 5% 4 

Human LXSH (Control) 0.7 ±29% 1 

LNCX-IL2 159.5 ±17% 319 

15 LXSN-IL2 25.5 ±15% 51 

DC/TKIL-2 3.0 ±10% 6 
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EXAMPLE V 

FIBROBLAST CULTURE AHD CONDITIONS FOR RET ROVIRAL 

TRANSDUCTION 

The culture conditions for the growth of primary 
5 fibroblasts retroviral transduction were optimized. 
Primary fibroblasts were successfully cultured. The 
optimal conditions enable the growth of approximately 3-4 
X 10^ primary fibroblasts from a 12 mm^ skin biopsy in 
approximately 4-6 weeks. Retroviral infection ^ G418 
10 selection, and expansion of the genetically modified 
fibroblasts takes an additional 4-6 weeks. 

Exploring the conditions for genetic modification 
of primary fibroblasts suggests that optimal transduction 
may be obtained by the following procedure: The fibroblasts 

"15 are synchronized in Gl phase by serum starvation, followed 
by stimulation with miedium containing 15% fetal bovine 
serum 15 hours prior to transduction. The cells are then 
subjected to 2 cycles of retrovirus infection, each cycle 
lasting approximately 3 hours. The cells are refed with 

20 fresh media overnight, and then selection in G418 is 
initiated the next day. This method is capable of 
transducing 5-15% of the fibroblasts in a culture, 
depending on the multiplicity of infection. 

This procedure was used to transduce a large 
25 number of primary atnd established fibroblasts. As an 
example. Table 8 compares the expression levels of IL-2 in 
fibroblast lines transduced with LXSN-IL2. 
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Table 8 



Expression of IL-2 by fibroblasts transduced with LXSN-IL2 . 

5 Fibroblast no IL-2 Dnits IL-2 

Line Species Origin per 10* cells per day 



Balb/c 3T3 


Murine 


Transformed 


6.6 


+ 6% 


13 


MCR9 


Human 


Embryonic 


25.5 


±15% 


51 


NHDF 313 


Human 


Skin 


25.0 


±10% 


50 


GTl 


Human 


Skin 


15.0 


i 5% 


30 



These results indicate that the IL-2 expression 
levels in established, embryonic, and primary fibroblast 

15 cultures are similar- Comparison of these data with Table 
7 suggest that IL-2 expression is affected more by factors 
.such as different promoters than by the fibroblast line 
used. Similarly, changes in culture conditions can have 
important effects on IL-2 expression. Table 9 shows that 

20 transduced GTl cells, a primary human fibroblast culture 
expressed 15-fold more IL-2 under 100 fig/ml G418 selection 
than under 25 pg/ml G418 selection. Several other primary 
fibroblast lines have also been transduced with our vectors 
and are currently growing under G418 selection. 
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Table 9 

Effect of G418 concentration on IL-2 expression by GTl 
cells transduced with LXSN-IL2. 

5 

Selection dose ng IL-2 secreted 

of G418 per 10^ cells per day* 



25 pg/mL 


1.0 ± 


10% 


50 fig/mL 


3.0 ± 


6% 


100 jig/nsl 


15.0 ± 


5% 


*After three weeks of G418 


selection. 





EXAMPLE VI 



15 ' COMPARISON OF IL-2 EXPRESSION LEVELS INDUCED 

PERIPHERAL BLOOD LYMPHOCYTES AND 
GENETICAT T.Y MODTP IED FIBROBLASTS 

In order to compare the production of IL-2 by 
genetically modified fibroblasts to that achieved by 
stimulating normal human peripheral blood lymphocytes 
(nPBL) in vitro , i^BL were isolated by Ficol-Paque density 
centrifugatiour and cultured in the presence of allogeneic 
nPBL (mixed lymphocyte culture, MLC) or 2 /iM calcium 
ionophore (CI) {A23187) free acid) plus 17 nM phorbol 12- 
nyristate 13-acetate (PMA) • The results of this 
experiment, present in Table 10, indicate that the level of 
IL-2 expression in the PMA/CI stimulated normal T cell 
population was 2 ng/10^ cells/24 hours. This is equivalent 
to IL-2 expression by Balb/c 3T3 fibroblasts transduced 
with DC/TKIL-2 (Table 7) , our least productive vector. The 
level of IL-2 expression in the MLC was 130 pg/10^ cells/24 
hours. This was lower than the PMA/CI stimulated culture, 
presumably because PMA/CI induced a nonspecific response 
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while MLC resulted in specific Th stimulation. When the 
estimated percentage of antigen-specific Th in the MLC- 
stimulated population is taken into consideration, the 
level of IL-2 expression per stimulated T cell becomes 
equivalent for both methods. 

Table 10 

Levels of IL-2 secretion by different cells. 



10 



Cells 



pg IL-2 secreted 
per 10^ cells per day 



15 



Lymphocytes : 

Control ( non-activated ) 
PMA + Calcium lonophore 
Mixed lymphocyte culture 



5 ± 50% 
2,000 ± 6% 
130 ± 90% 



20 



Transduced fibroblasts: 
MCR9-LXSN-IL2 
MCR9-LNCX-IL2 
MCR9-DC/TKIL-2 



24,000 ± 5% 
162,000 + 20% 
10,000 ± 6% 



EXAMPLE VII 



FIBROBLAST MEDIATED CYTOKINE GENE THERAPY 
IN MURINE TUMOR MODELS 



Two experimental protocols were used to study the 
25 efficacy of f ibroblast-mediated cytokine gene therapy on 
induction of anti- tumor immunity. The first protocol was 
designed to test the effects of genetically modified 
fibroblasts on tumor implantation, while the second 
protocol was designed to induce a systemic anti-tiunor 
30 immunity. The results of each experiment are presented 
with two figures and one table. In the first figure, the 
rate of tumor growth for each treatment group is presented 
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as the mean tumor size in the group over time. In th 
second figure, a Kaplan-Meier curve presents the time of 
tumor onset for the individual animals in each treatment 
group. The number of animals,, the number and percentage of 
5 tumor free animals, and the tumor size distribution 
patterns for each experiment are presented in a table. 

EXAMPLE VII fa) 

EFFECT OF FIBROBLAST MEDIATED CYTOKINE GENE 
THERAPY ON TUMOR IMPLANTATION 

10 Mice were injected subcutaneous ly with mixtures 

of 5 X 10* CT26 cells and 2 x 10^ fibroblasts genetically 
modified by different retroviral vectors to express IL-2. 
In the control arms injected with tumor cells only, or with 
tumor cells mixed with unmodified fibroblasts, 31 of 33 

15 animals (94%) developed tumors by 4 weeks (Figures 6 and 1 , 
Table 9). In contrast, 22 out of the 34 animals (65%) 
receiving fibroblast mediated cytokine gene therapy were 
tinnor free at 3 weeks, and 5 animals (18%) remain tumor 
free after 12 weeks ^ Those animals that received 

20 fibroblast mediated IL-2 therapy and developed tumor were 
characterized by a delayed onset and rate of tumor growth. 
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After 3 weeks the mean tumor size (measured as 
the product of the longest and widest tumor axes) in the 
control group of mice was 128 mm% compared to 68 and 7 mm^ 
in groups of mice injected with tumor cells mixed with 
5 fibroblasts transduced with DC/TKIL-2 or L1ICX-IL2, 
respectively- This resulted in a highly significant 
difference (corrected = 18.69, p = 0-001) between the XL- 
2 treated animals compared to the mice treated with CT26 
alone or CT26 mixed with unmodified fibroblasts. After 

10 four weeks the equivalent measurements were 373,300 and 72 
mm^ (Table 11). It is notable that LNCX-IL2, the highest 
expressing vector caused substantially greater inhibition 
of tumorigenicity than the lower expressing vector DC/TKIL- 
2. A multivariate non-parametric statistical procedure 

15 (19,20), utilized to evaluate differences in tumor growth, 
demonstrated that after 4 weeks the differences between the 
growth curves for the four groups presented in Figure 2 
were highly significant- (p < 0.001). Subsequent 
comparisons between the control arm and animals that 

20 received tumor cells mixed with IL-2 transduced fibroblasts 
revealed a significant difference (P < 0.05). The 
differences between the animals injected with tumor cells 
alone, and those injected with tumor cells plus unmodified 
fibroblasts were not significant, while the differences 

25 between anojmals receiving low IL-2 expressing fibroblast, 
and those receiving high IL-'2 expressing fibroblasts was 
significant (P = 0.05). 

When mice were injected with 2 x 10^ modified 
fibroblasts mixed with 1 x 10^ live tumor cells the results 

30 became more striking (see Figures 8 and 9, and Table 12) . 
All the control animals developed tumors after 4 weeks 
whereas 33% and 27% of the animals treated with fibroblasts 
modified with the DCTK-IL2 or LXSN-IL2 vectors 
(respectively) remain tumor free after 7 weeks (the 

35 experiment is ongoing) . More dramatically, 75% of the 
animals treated with fibroblasts modified with the highest 
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IL-2 producing vector, LNCX-IL2, remain tumor free after 7 
weeks. These data clearly demonstrate the importance of an 
initial high dose of IL-2 to prevent tumor establishment. 
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As an additional control, mice were injected with 
CT26 cells g netically modified to express IL-2 {results 
not shown). Injection of up to 1 x 10* IL-2 expressing 
tumor cells into Balb/c mice failed to produce tumors. 
5 Injection of higher numbers however, resulted in some 
animals developing tumors with delayed onset. These data 
confirm the results reported in the literature (1). In 
order to compare the efficacy of IL-2 producing fibroblasts 
to IL-2 producing tumor cells, we mixed 2 x 10* CT26 tumor 

10 cells modified with the DCTK-IL2 vector with 1 x 10^ 
unmodified tumor cells. Figures 10 and 11, and Table 13 
show that DCTK-IL2 modified tumor cells are somewhat 
effective in preventing tumor development. Four weeks 
after injection, the mean tumor size for the treatment arm 

15 is 303 mm^, compared to 620 mm^ for the control arm. After 
22 weeks, one animal (10%) remains tumor free, compared to 
none in the control arms. Data for animals treated under 
the same conditions with DCTK-IL2 modified fibroblasts in 
a separate experiment are included for comparison purposes. 

20 This con^arison suggests that DCTK-IL2 modified tumor cells 
have an effect on tumor establishment similar to that of 
DCTK-IL2 modified fibroblasts. 



SU5?T»-lfTE SHEET 



wo 93/07906 



80 



PCr/US92/08999 



CO 

H 



.8i 



2 



o 
A 



S J. 

IS 

^2 



8 



11 



Iji 
I 



•3 
SI 



o 






oo 


o\ 


vo 














-H 


-H 


-H 


•H 


o 


r* 


tn 






oo 















o o 



o o 



o o 



^ o 



o o ^ c« 




i 

3 

i 

e 
I 
e 

1 
a 

o 



a 
t 

B 



o 

1 



i 

2 



SUBSTITUTE SHEET 



wo 93/07906 PCT/US92/08999 

81 

EXAMPLE VII (b) 

EFFECT OF FIBROBLAST MEDIATE CYTOKINE GENE THERAPY 
ON SYSTEMIC ANTI-TUMOR IMMUNITY 

Groups of Balb/c mice were immunized with 
5 2,5 X 10^ irradiated tumor cells either alone or mixed with 
2 X 10* transduced or unmodified fibroblasts, and challenged 
one week later with 5 x 10* live tumor cells in the opposite 
flank. These results (Figures 12 and 13, and Table 14) 
demonstrate that immunization with irradiated tumor cells 
10 and transduced fibroblasts protect some animals against a 
live tumor challenge, but that the protection is only 
slightly better than that achieved by immunization with 
irradiated tumor cells alone or irradiated tumor cells 
mixed with unmodified fibroblasts. 
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In a second protocol similar to the one described 
above, animals were challenged with fresh tumor cells two 
weeks following immunization with irradiated tumor cells 
mixed with fibroblasts. The results, shown in Figures 14 
5 and 15, and in Table 15, demonstrate that DCTK-IL2 modified 
fibroblasts mixed with irradiated tumor cells confers 
superior protection to subsequent tumor challenge than 
irradiated tumor cells alone, irradiated tumor cells mixed 
with unmodified fibroblasts, or irradiated tumor cells 

10 mixed with LNCX-modif ied fibroblasts. After 7 weeks, seven 
of ten animals (70%) treated with DCTK-IL2 modified 
fibroblasts remain tumor free compeared to only one third of 
the control animals. At four weeks, the mean tiunor size of 
this group was 41 mm^ compared to 180, 170, and 140 mm^ for 

15 the three control groups. Animals treated with LNCX-IL2 
modified fibroblasts were also protected against subsequent 
tumor challenge, but the results were less striking. In 
this group, 54% of the animals remain tumor free and the 
mean tumor size for the group at four weeks was 86 mm^. The 

20 number of tumor free animals in the group treated with 
LXSN-IL2 modified fibroblasts was similar to the control 
groups, although the tumors were slightly delayed in their 
onset. A multivariate non-pareunetric statistical procedure 
(19, 20), utilized to evaluate differences in tuiaor onset, 

25 demonstrated that the differences for the six arms 
presented in Figure 15 were significant (p == 0.012). It 
further showed that the saline control arm and the arms 
that received irradiated tumor cells alone or mixed with 
uiuaodified or LNCX vector modified fibroblasts formed a 

30 statistical group. A second, distinct statistical group 
was formed by the three arms that received IL-2 vector 
modified fibroblasts mixed with irradiated tumor cells. 
Subsequent comparisons between the saline injected control 
arm and animals that received tumor cells mixed with IL2 

35 transduced fibroblasts revealed a significant difference 
for all vectors (p < 0.05). 
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These results demonstrate the feasibility of 
using genetically modified fibroblasts as a means of 
delivering cytokine gene therapy. In all experiments, the 
LNCX-L2 vector proved superior in preventing tumor 
5 establishment while the DCTK-IL2 vector was better in the 
induction of systemic protection against subsequent tumor 
challenges. These contrasting effects, although somewhat 
surprising, can be explained by the observation that the 
CMV promoter is turned off in vivo five days after 
10 implantation while the TK promoter remains active for a 
longer period of time. The implication of this finding is 
that to apply this method of gene therapy successfully we 
have to use promoters that result in high level, sustained 
expression of IL-2 in vivo in the transduced fibroblasts. 

15 The data obtained from this research effort has 

important implications for all cytokines that have either 
direct or indirect anti-tumor effects. Furtheraore , this 
data suggests that anti-tumor efficacy is IL-2 dose 
dependent. Hence, construction of vectors which result in 

20 higher levels of cytokine secretion will be a significant 
advance toward the application of this method of gene 
therapy. 

Reference numbers in parenthesis in the above 
examples correspond to the following list of references and 
25 are incorporated herein by reference. 
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although the invention has been described with 
reference to the presently-preferred embodiment^ it should 
be understood that various modifications can be made 
without departing from the spirit of the invention. 
5 Accordingly^ the invention is limited only by the following 
claims* 
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WE CLAIM: 



1. A method of treating cancer in a patient 
comprising the stimulation of that patient's immune 
response against the cancer by immunizing said patient at 
a site other than an active tumor site with a formulation 
comprising tumor antigens and CE cells genetically modified 
to express at least one cytokine gene product. 

2. The method of claim 1 wherein tumor cells 
previously isolated from said patient provide the tumor 
antigens. 

3. The method of claim l wherein the cytokine 
gene is selected from the group consisting of interleukin- 
1, interleukin-2, interleukin-3, interleukin-4 , 
interleukin-5, interleukin-6, and gamma-interferon. 

4. The method of claim 3 wherein one cytokine 
gene is interleukin-2 . 

5. The method of claim 1 wherein at least one 
cytokine gene is transferred into cells to generate CE 
cells by recombinant methods. 

6. The method of claim 5 wherein the cytokine 
gene is present in an expression vector. 

7. The method of claim 6 wherein said 
expression vector additional contains a suicide gene. 

8. The method of claim 5 wherein the CE cells 
are generated from fibroblasts and antigen-presenting 
cells. 
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9. A method for enhancing a patient *s immune 
response to a cancer comprising: 

a) isolating fibroblasts from said 
patient; 

5 b) culturing said fibroblasts in vitro : 

c> transducing said fibroblasts with a 
retroviral expression vector containing 
the gene coding for IL-2 and a gene 
coding for a tumor antigen in a 

10 retroviral expression vector, to 

express said tumor antigen and to 
express and secrete said IL-2 by said 
fibroblasts; and 
d) immunizing said patient with said 

15 fibroblasts that express IL-2 at a 

level sufficient to enhance an immune 
response but low enough to avoid 
substantial systemic toxicity and that 
express said tumor antigen, at a site 

20 other than an active tumor site. 

la. The method of claim 9 wherein said 
fibroblasts are further modified to express a suicide gene* 

11. A composition for increasing a patient •s 
immune response to tumor antigens comprising tumor antigens 
and CE cells genetically modified to express at least one 
cytokine gene product* 

12. The composition of claim 11 wherein the 
cytokine gene is selected from the group consisting of 
interleukin-1, interleukin-2 , interleukin-3 , interleukin-4 , 
interleukin-5, interleukin-6, and gamma interferon. 



13. The composition of claim 12 wherein on 
cytokine gene is interleukin^2 . 
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14. The composition of claim 11 wherein each 
cytokine gene is expr ssed at a level sufficient to 
stimulate the immune response but low enough to avoid 
substantial systemic toxicities. 

15. The method of claim 9 wherein in said 
transducing step said retroviral expression vector has a 
promotor causing sustained secretion of IL-2. 

16. The method of claim 15 wherein said 
retroviral expression vector causes the secretion of at 
least four units of lL-2 per day for a period of ten days 
or longer. , . 
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